\ F 


VOL. 22 No. 263 


cn 


Incorporating 





JANUARY 


D.C. Volts : 2.5 mV to 10,000V. (Max. Input Resistance I11 MQ) 

D.C. Current: 0.25 4A to | amp. (150 mV. drop on all ranges) 

A.C. Volts: 0.i1V. to 2,500V. R.M.S. up to 2 Mc’s. with externa! 
diode probe. 0.1V. to 250V. R.M.S. higher than 200 Mc/s 

A.C. Output Power: SmW. to 5 watts in 6 different load resist- 
ances from 5 to 5,000 ohms. 

Decibels : —JIOQdb. to 20db. Zero level 50mW 

Capacitance : .000! yF to 50uF 

Resistance : 0.2 ohm to |OMQ 

Insulation : 0.1 MQ to 1,000 MQ. 


Fully descriptive leaflet available on application: 





Hlectron 
1 


Wada 


ELECTRONICS, TELEVISION & SHORT WAVE WORL 


1950 


s 


¢ 


Y 


s ‘ 


IC 








5 PRICE 2/- 


As up-to-date example of current 
instrument practice, developed to meet 
the demand for an instrument of labora- 
tory. sensitivity built in a robust) and 
portable form, for use in) conjunction 
With electronic and other apparatus where 
it is imperative that the instrument should 
present a negligible loading factor upon 
the circuit under test 


The instrument consists basically of a 
balanced — bridge voltmeter It incor- 
porates many unique features and a wide 
set of ranges so that in operation it is as 
simple to use as a normal mujti-range 
testmeter 


Phe thermionic circuit gives delicate 
galvanometer sensitivity to a robust 
moving coil movement. The instrument 
is quickly set up for any of the tests to be 
undertaken, a single circuit selector 
switch automatically removing from the 
circuit any voltages and controls which 
are not required for the test in question, 
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indirectly hed 

for Pulse Amplification and 

tions is its use in the Modulator Tran 
‘Seascan’ Radar Equipment. 


In the circuit shown a positive modulj 
of the 11E3 in the transmitter unit, ¥ 
off, is caused to conduct heavily duri 
after is cut off sharply. An inductance 6 Troareiss 
caused to “ring” with its own stray c m@© produce - 
voltage pulse to the firing electrode of rigatron 24Bl. FMfis 
pulse-initiates the main Trigatron discharge to produce the modulator 
bulse to the Magnetron transmitting valve. 


I1E3 


he Modulator Unit also employs Mazda valves 19H! and 24B1 
Pand full details of these valves may be obtained on application. 


RATING : 


Heater Voltage (volts) 
Heater Current (amps) 


Maximum Anode Voltage as Series 
Modulator (volts DC) 


Maximum Peak Anode Voltage as 
Break Modulator (volts) 


Maximum Screen Voltage (volts) 


Maximum Control Grid Negative 
Bias (volts) 


Maximum Peak Cathode Current (amps) 
Inner B 
Maximum Anode Dissipation (watts) 


Maximum Screen Dissipation as 
Series Modulator (watts) 

Maximum Screen Dissipation as 
Break Modulator (watts) 


Maximum Potential Heater /Cathode 
(volts ) 


January, 1950 


Vh 
Ih 
Va(max) 


Va(pk)max 
Vg2(mux) 


Vgi(max) 
Ik(pk)max 


Pel-s2 


Wa(max) 
Wg2(max)Series 
Wg2(max)Break 


Vh-k(max) 


t+ Taken under Pulse Conditions of approximately 
10 micro-seconds duration and 400:1 minimum 


off-on ratio. 


Taken at Va = 200; Vg2 = 200; Ig = 40 mA. 
List Price £1.5.0 


DI SWAN MAZDA Ratio Valves & Cathode Ray Tubes 


EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS 


ROAD, 


LONDON, W.C.2 


RA136/M 
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the charge for these advertisements at the LINE RATE (if ander |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
'(Th® line averages seven words.) Box number 2/- extra, except in the case of advertisements in “‘ Situations Wanted,’ * when itis added - 


free of charge. 


At.the INCH RATE (if over |” 


or 12 lines) the charge is 30/- per inch, single column. 


Prospectuses and. Company’s_, 


Financial Reports £14 0s. 0d. per column. A remittance must a¢company the advertisement.’ Replies to box numbersshould be addressed. .. : 


to : Morgan Bros. aiming Ltd., 28, Essex Street, Strand; London, W.C.2, and marked “ Electronic Engineering..’ 
must be received before the I4th of the month for insertion in the following issue. 
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Vacancies advertised are restricted to persons or. 
employments” excepted from ‘the provisions of the. 
Control of Engagement Order, 1947. 


(, OFFICIAL APPOINTMENTS 


MINISTRY OF SUPPLY invites applications 
for appointment to unestablished posts in the 
Physical Methods Group at the Windscale Works, 
Division of Atomic Energy, Cumberland, in the 
ollowing grades: (i) Principal Scientific Officer 
(salary scale: {910-£1,177). Duties: Planning 
and supervision of a group assisting in the com- 
missioning of nuclear plant, and investigating 
technical problems arising in operations : initiation 
of associated development studies. Qualifications : 
University Degree with 1st or 2nd class Honours 
in Mathematics, Physics, Chemistry or Electrical 
Engineering, or equivalent qualification. Experi- 
ence in organising and directing a research or 
industrial development group is essential. Mini- 
mum age normally 31. (ii) Senior Scientific 
Officer (3 posts) (salary scalé: £670-£860). 
Duties: Responsible to P.S.O. for directing teams 
engaged in the commissioning of a nuclear plant, 
investigating technical operational problems, or 
carrying out development studies. Qualifications : 
University Degree with rst or 2nd class Honours in 
Mathematics, Physics, Chemistry, Electrical 
Engineering or Biology, or equivalent qualification, 
together with research or -industrial development 
experience. Practical experience in ~- nuclear 
physics, radio chemistry, health physics or elec- 
tronics is desirable. Minimum age normally 26, 
{iii) Scientific Officer (2 posts) (salary scale: 
80-£620). ‘ Duties: To assist in the Physical 
ethods Group and to carry out development 
studies. Qualifications: University Degree with 
ast or 2nd class Honours in Physics, Chemistry, 
Electrical Engineering, or equivalent qualification. 
Above posts carry benefits under F.S.S.U. (iv) 
Senior Experimental Officer (salary scale: £705- 
£895). Duties: To be responsible under direction 
for the preparation of equipment for the Physical 
Methods Group and the application of technique 
to plant operations. Qualifications: Higher 
School Certificate with Mathematics or a Science 
subject as principal subject, or preferably a general 
Science Degree, and several years’ experience in 
an industrial or research laboratory. Minimum 
age, normally 35. ‘(v) Experimental Officer 
(2 posts) (salary scale: £495-£645). Duties: 
‘To prepare equipment for the Physical Methods 
Group and to assist in carrying out development 
studies. Qualifications : Higher School Certificate 
with Mathematics or a Science subject as principal 
subject, or preferably a general Science Degree. 
Minimum age normally 28 but applications from 
candidates of outstanding quality, aged 26 or 27, 
may be considered. (vi) Assistant Experimental 
Officer (4 posts) (salary scale: {£220-£460). 
Duties: To assist in the duties under (v). 
Qualifications: Higher School Certificate with 
Mathematics or Science as a principal subject. 
Grade and starting salaries according to age, 
experience and qualifications. Rates for women 
somewhat lower. Write, quoting Az91/49/BR 
to Technical and Scientific Register (K), York 
House, Kingsway, London, W.C.z2, for application 
forms. Closing date 2oth January, 1950. W 2142 


MINISTRY OF SUPPLY invites applications 
from Physicists for appointments at Research 
Establishments in Southern England. Candidates 
Should have a good Honours Degree or equivalent 
| with post graduate experience an advantage. Some 
| Posts require a sound knowledge of electronics, 
f others require experience or interest in high speed 
oeephy, optics and servo-mechanisms. 
alaries according to age, qualifications and 
experience within the ranges: Senior Scientific 
Officer: £670-£860. Scientific Officer : £380-£620. 
Rates for women somewhat lower. Posts are 
- unestablished but carry F.S.S.U. benefits. Applica- 
_ ‘tion forms obtainable from Technical and Scientific 
4 Register (K), York House, Kingway, London, 
W.C.2, quoting A.231/49/BR. Closing date 14th 
January, 1950. W 2159 


A 


THE MINISTRY OF SUPPLY invites applica- 
tions for appointments as Engineers III for 
the provinces in the following groups: Ref. 
€.207/49/BR (a) Mechanical Engineers for instru- 
ment and airframe inspection. Ref. C.206/49/BR 
(b) Mechanical Engineers for combustion engin- 
eering inspection. Ref. D.121/49/BR (c) Electronics 
Engineers. Applicants should be between 23 and 


33 years of age and will be required to undergo, 


approximately a year’s training with the object of 
assuming technical and/or executive control in one 
of the above groups. These appointments are, 
unestablished, but successful applicants will, if 
eligible, be able to compete for permanent establish- 
ment in the grades concerned in the event of a 
competition for Electrical and Mechanical Engineers 
in the Ministry.of Supply being announced by the 
Civil Service Commissioners. Salary range of 
£330/470-£720 per annum. (Commencing salary 
will be determined according to age and experience). 
Candidates must be of British Nationality born of 
British parents. (Copy of Nationality regulations 
can be obtained by application to Ministry of 
Supply, Room 432, Adelphi, Strand, W.C.2) and 
Should either be Corporate Members of the 
Institutions of Civil, Mechanical or Electrical 
Engineers ; or have passed recognised exempting 
examinations for Associate Membership, having 
served a regular engineering apprenticeship. 
Additional experience required: for group (a) 
Subsequent workshop experience; for group (b) 
Liquid fuel technology associated with propulsion ; 
for group (c) Light electrical engineering, elec: 
tronics and radar. Write quoting appropriate refer- 
ence number above to: Technical and Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, for application forms which should be 
returned completed by 16th January, 1950. 

W 2139 


MINISTRY OF SUPPLY invites applications 
from Electronic Engineers and Physicists for 
unestablished post in the grade of Senior Experi- 
mental Officer at a Research Establishment in 
Southern England. Candidates must be at least 
35. Qualifications: Higher School Certificate, 
Higher National Certificate’ or the equivalent. 
A Degree or i uivalent in Physics or Engineering 
is desirable. xperience in conduct of field or 
airborne trials of electronic equipment is essential. 
Salary according to age, qualifications and experi- 
ence, within range of £705-£895. p.a. (men), 
£580-£790 p.a. (women). Application forms 
obtainable from the Technical and Scientific 
Register (K), York House, Kingsway, London, 
W.C.2, quoting A.306/49, closing date, 14th 
January, 1950. W 2158 





SITUATIONS VACANT 


ELECTRONIC RESEARCH and Development 
Engineers required.’ First-Class Honours Degree or 
equivalent preferred. Vacancies for Senior 
Engineers with industrial experience , and for 
juniors. Interesting’ new projects. Pension 
Scheme. Apply, stating age, qualifications, 
experience. and salary. required, to Personnel 
Manager, Fairey Aviation Company, Ltd., Hayes, 
Middlesex. W 2036 


GRADUATE PHYSICISTS or _ Electrical 
Engineers. Several vacancies exist for men of 
ability in development laboratory of electric lamp 
works in Yorkshire. Knowledge of high vacuum 
technique and/or A.C. measurements will be an 
advantage. Good prospects for men wishing to 
make a career in industry. Salary range, £400-£550 
according to experience. Send full particulars of 
training and experience to Box W 2060. W 2060 


SPECIALITY Radio-Telephone Salesman, salary, 
comm., expenses ; Senior and Junior Development 
Engineers and Draughtsmen for radio, radar, 
electronics, etc. Service Engineers: radio, tele- 
vision, radar, electronics; wiremen (skilled and 
semi-skilled), ‘radar, radio; instruments; H.F. 
repairers, testers, inspectors, radio, television, 
radar; other positions. Technical Employment 
Agency, 179 Clapham .Road, S.W.9g.. (BRIxton 
3487). W 2119 


“for servicing radar 


ENGINEERS Tequired | 
qualifications-—Higher, 


equipment, © ‘technical 
National .Certificate or Degree. Previous experi- 
ence on “electronics or radar desirable. “Com- 
mencing remuneration up to £400 per annum 
depending on experience or qualifications. Apply : 

Construction Department, The British Thomson- 

Houston Co. Ltd., Rugby. W 2118" 


ENGLISH ELECTRIC require a Senior Circuit! 
Engineer (Electronics) for their Nelson Research 
Laboratories at Stafford. Applicants must hold a 
University Degree or Associate Membership of the 
Institution of Electrical Engineers, have had two or 
three years’ industrial.experience and be interested 
in the development of electronic circuits. The work 
will involve design of special circuits. Write, giving 
full particulars, quoting Ref. 313, to Central 
Personnel Services, English Electric Co., Ltd., 
24/30 Gillingham Street, Westminster, fe ° 
212 


MARCONI’S' Wireless Telegraph Company 
require for their Research Laboratories at Chelms- 
ford, senior and junior research and development 
engineers for domestic television receivers. Appli- 
cants, who must have had extensive experience in 
television receivers, should write, giving full 
particulars, quoting Ref. 266, to Central Personnel 
Services, English Electric Co., Ltd., 24/30, 
Gillingham Street, London, S.W.1. 2129 


LABORATORY MECHANIC required to 
assist with the construction of scientific apparatus 
concerned with electro-physiology. Bench work, 
fitting, assembly, drilling, turning, etc. Salary 
£250-£350 p.a. according to age and experience, 
Application with three references to: The 
Physician Superintendent, Crichton Royal Mental 
Hospital, Dumfries. W 1028 


CRYSTAL FINISHER, with knowledge of wire 
mounted and clamped type crystals, also glass 
sealing an advantage. London area. Write, 
stating age, experience and salary required to 
Box W 1030 W.:1030 


CAPACITOR MANUFACTURERS require 
experienced Process Engineer to assist in produc- 
tion and development of electrolytic capacitors. 
Apply, to Chief Chemist, A. H. Hunt, Ltd., 
Bendon Valley, S.W.18. W 1031 


DEVELOPMENT ENGINEERS required by 
firm in N.W. London manufacturing an extensive 
range of industriak instruments and ‘ controls. 
Candidates’ should. have a good theoretical back- 
ground, preferably with a Degree or equivalent in 
Physics or Electrical Engineering and in addition 
should have experience of (a) Instruments or light 
mechanisms (b) Electronics applied to industrial 
problems. The starting salary will range between 
£400 and £600 p,a. according to the experience of 
the applicant. Write Box W 1033. W 1033 


RADIO factory in Bombay requires Chief of Test. 
Must have held responsible — in test depart- 
ment Britain or U.S.A. Good technical back- 
ground and some domestic receiver design experi- 
ence desirable. Send full particulars including date 
of birth and salary required to Box 2131 

W 2131 


VACANCIES exist at the Nelson Research 
Laboratories, English Electric Co. Ltd., Stafford, 
for draughtsmen. Applicants must have had 
experience of electronic circuit or similar work and 
preference will be given to those interested in 
electronic circuit development. Salary in accord- 
ance with age, qualifications and experience. 
Write, giving full particulars quoting reference 
10g to Central Personnel Services, English Electric 
Co. Ltd., 24/30, Gillingham Street, Westminster, 
S.W.1. W 2132 


MECHANIE required for the construction and 
servicing of industrial electronic apparatus, 
‘maintenance‘of mechanical transducers, etc. West 
London area. Forward full details of education, 
experience and salary required to Box A.C. 762, 
bie aaa _— 17, eg peers basse, E.C.2. 

- . ~ W 2343 








CLASSIFIED ANNOUNCEMENTS (Cont’d.) 


APPLICATIONS are invited for the position of 
Assistant to Senior Mechanical Engineer which 
exists within the organisation of 4 light engineer- 
ing company. Applicants must have technical 
qualifications equivalent to a good Degree in 
Engineering. Experience must cover all phases of 
production engineering, including mechanical 
design of radio-communication and electronic 
equipment, design of pressed tools and planning and 
estimating. The salary which will be paid to the 
successful applicant will be up to £750 per annum 
and the age range is from 30-45 years. Applications 
giving full details of qualifications, experience and 
salary required should be addressed to Box W 2172. 

W 2172 
APPLICATIONS are invited for the position of 
Lecturer in Radio Engineering at Marconi College, 
Chelmsford. Applicants must be of Degree standard 
either in Engineering or Physics and preference will 
be given to those possessing a good radio back- 
ground either in a civilian or service capacity. 
Write in confidence, giving full details of previous 
experience quoting Ref. 260 to Central Personnel 
Services, English Electric Co. Ltd., 24/30, Gilling- 
ham Street, Westminster, S.W.1. W 2173 


DEVELOPMENT ENGINEER for laboratory 
experimental work in connexion with light precision 
mechanisms and_ electro-mechanical devices. 
Applicants should have a sound theoretical training 
in mechanics. Education to H.N.C. or B.Sc. 
standard. Electrical knowledge an advantage. 
Write stating age, education, experience and salary 
required to Muirhead & Co. Ltd., Elmers End, 
Beckenham, Kent. W 2133 
ELECTRICAL ENGINEERS required for 
progressive positions as design and development 
engineers. Qualifications: Degree or equivalent 
in Electrical Engineering or Physics with actual 
design experience in one of the following or allied 
fields: (a) household appliances; (b) small 
electric motors, (c) power supply unit for 
airborne radio equipment; (d) recording equip- 
ment (disk, film or tape); (e) radio components 
and transformers; (f) U.H.F. oscillator and 
aerial design; (g) radar and television equipment. 
Applicants should write, giving full details to 
Personnel Dept., E.M.I. Engineering Development 
Ltd., Blyth Road, Hayes, Middlesex. W 2134 


A PHYSICAL CHEMIST with an Honours 
Degree is required for the development of new 





ceramics for use as resistors, capacitors and 
inductors. Post in Northamptonshire. Salary 
£425-£625 according to experience. Apply Box 

2136 W 2136 


ELECTRICAL ENGINEERS required by 
English Electric, Stafford, for design and applica- 
tion of new type control devices. Interesting work 
with excellent prospects for engineers with experi- 
ence in the design of instruments or similar electro- 
magnetic devices. Write giving full particulars, 
quoting Ref. 315 to Central Personnel Services, 


English Electric Co. Ltd., 24/30, Gillingham 
Street, Westminster, S.W.1. W 2137 
INSPECTOR WANTED, qualified in both 


mechanical and electrical branches, able to take 
charge of inspection in factory S.W. London, 
manufacturing radio and electronic apparatus. 
Apply, Managing Director, Box W 2138. 

W 2138 
MANUFACTURERS of radio and electrical 
components in Kingston, Surrey area require 
young Time Study Engineer. Applicant must have 
had some practical experience. Five day week. 
Canteen facilities and superannuation scheme. 
Write, stating age, experience and salary required 
to Box W 2140. W 2140 
ELECTRONIC ENGINEER required by well 
established London firm for development of 
special electrical apparatus for production, in- 
spection, etc. Higher National Standard, at least 
10 years’ practical workshop and_ laboratory 
experience and good general knowledge of elec- 
tronic engineering and instrument practice essen- 
tial. Must possess initiative and ability to progress 
with little supervision. Commencing remunera- 
tion from {550 p.a. according to experience. 
Apply, giving age and full particulars to Box 
W 2141. W 2141 


ACOUSTIC PHYSICIST required by established 
London company for technical sales development 
with medical profession on science of hearing. 
Extremely interesting and _ satisfying work. 
Qualifications, extensive knowledge acoustics and 
electronic theory, some practical experience. Good 
appearance and personality, business ability, 
energy. Age 25-35 and capable of earning salary 
£750 p.a. minimum. Write Box W 2155. W 2155 


Electronic Engineering 


DRAUGHTSMAN, W.11, experienced design 
electronic gear. State salary. Box es 
2135 


G.K.N. GROUP SERVICES require the follow- 
ing staff to work in the Central Laboratories at 
Manor Works, _ Ettingshall, Wolverhampton. 
(1) An Electrical Engineer (graduate or equivalent) 
to act as Liaison Officer between the laboratories, 
the works and customers, on the design, production 
and applications of electrical sheet steel laminations 
for transformers, motors, etc. (2) An Electronic 
Development Engineer to take control of a small 
production unit engaged in making small quantities 
of electronic and electrical apparatus for the 
laboratory or works’ use. Salary will be according 
to age and experience, but each appointment will 
be either as Officer (salary range: £350-{600 p.a.) 
or Senior Officer (salary range: £600-{1,000 p.a.). 
Applications in writing giving full details should 
be addressed to the Director of Research at the 
above address. W 2144 


LARGE INDUSTRIAL organisation having 
opened laboratories in Mid-Surrey on work in- 
volving electronic and electro-mechanical develop- 
ment and design in a new and interesting technical 
field, have immediate vacancies for: Draughtsmen 
with apprenticeship or a minimum of 4 years’ shop 
experience ; Development Engineer with Degree 
or equivalent standard. Good salaries and first 
class working conditions, with staff canteen 
facilities. The positions are progressive and 
permanent. Applicants must be of British 
Nationality and should submit full details of 
education, experience and salary required to Box 
W 2146. W 2146 


ELECTRICAL ENGINEERING Assistant 
having Degree or Higher National Certificate in 
Electrical Engineering, required for work on 
ceramic insulators, high voltage testing and 
development work on ignition accessories. Know- 
ledge of electrical measurements practice desirable. 
South-West London district. Box W 2147. 

W 2147 


SENIOR ENGINEER required by South 
London telecommunications company to specialise 
in enlargement of range of polarized relays. 
Sound fundamental knowledge and familiarity 


with laboratory technique essential. Experience 
in relay design problems an advantage. Minimum 
commencing salary, £700-£725 p.a. Maximum 


salary according to merit. 
A.K. Advertising, 212, 
London, W.C.z2. 


ELECTRONICS ENGINEER. Applications 
are invited for the position of Instrument Engineer 
(Electronics) in a large iron and steel works plant 
in this country. Candidates will be required to 
undertake the original design and development 
of electronic apparatus and its application to 
works problems. Previous steelworks experience 
is not essential but initiative and technical ability 
are considered of first importance. A substantial 
salary will be paid to the suitable applicant. 
Replies giving details of experience to Box W 2149. 

W 2149 


TECHNICAL ASSISTANT required for pilot 
production unit making special types of thermionic 
valves, gas-filled tubes and vacuum capacitors. 
Practical experience in vacuum work of this nature 
essential. Staff appointment, salary according to 
age, qualifications and experience. Apply to: 
Personnel Manager, Messrs. Ferranti Ltd., Ferry 
Road, Edinburgh. W 2151 


WAYNE KERR invites applications for the post 
of Senior Development Engineer. Applicants 
should be prepared to assume full responsibility 
for development from requirement specifications to 
production prototype and should possess qualifica- 
tions equivalent to an Honours Degree in Physics. 
The Company covers a wide range of electronic 
applications, measurements and radio communica- 
tions. Write, giving details of qualifications and 
experience to the Technical Director, Wayne Kerr 
Laboratories Ltd., Sycamore Grove, New Malden, 
Surrey. W 2152 


TECHNICAL ASSISTANT required in Patent 
Department of company engaged in the manu- 
facture of precision instruments, radar, etc. 
Knowledge and experience of electronics and 
U.H.F. technique required and experience of 
Patent work. Salary according to qualifications 
and experience. Write, stating age, experience, 
etc., to Personnel Manager, Sperry Gyroscope Co. 
Ltd., Great West Road, Brentford, Middlesex. 

W 2145 


Write Box Y 5273, 
Shaftesbury Avenue, 
W 2148 
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WAYNE KERR invites applications for the post 
of Assistant Development Engineer for design 
and development work covering a wide field of 
electronic applications and measurements. Can- 
didates should be between 20 and 25 years of age 
and possess an Honours Degree in Physics or 
equivalent qualifications. Write, giving full 
particulars of education and experience to the 
Technical Director, Wayne Kerr Laboratories, 
Ltd., Sycamore Grove, New Malden, Surrey. 

W 2153 


SENIOR TELEVISION Development Engineer 
required by large manufacturer in the London area. 
Applicants must have several years’ experience of 
television development and adequate technical 
education. A permanent position with a salary of 
£800 per annum is available to the selected appli- 
cant. Kindly state full details including age, to 
Box W 2156. W 2156 


SENIOR RESEARCH ENGINEER required 
by firm of instrument makers. Applicants should 
be of Degree standard, preferably with communica- 
tions training and with experience of electronic 
design, some knowledge of acoustics and sound 
mathematical background. Age 25-35. Write, 
stating experience and salary required to Box 
W 2157. W 2157. 
CABLE & WIRELESS LTD., have vacancies 
on technical staff for shore service overseas. 
Applications invited from men with technical and 
practical experience in radio communications. 
Applicants should be in possession of rst Class 
P.M.G. and/or City and Guilds Radio/Tele- 
communications. Certificates. Good pay and 
prospects permanent status after probationary 
period. Under 30 preferred. Apply, in writing, 
giving full qualifications, experience, etc., to Staff 
Manager, Electra House, Victoria Embankment, 
London, W.C.2. W 2154. 


PRODUCTION ENGINEER required to control 
production on radar and electronic equipment. 
Good background of production experience 
essential. Technical qualifications to B.Sc. 
Standard preferable. Good prospects and high 
salary offered to man with suitable qualifications. 
Write stating full details and salary required to 
Box Y.5343, A.K. Advertising, 212a, Shaftesbury 
Avenue, W.C.2. W 2160 


UNIVERSITY COLLEGE LONDON has a 
vacancy for a Technician in the Department of 
Phonetics for work mainly concerned with acoustics 
and hearing. Age between 20 and 35. Applicants 
should hold National or Higher National Certifi- 
cates in Communications or Electrical Engineering 
or have had equivalent experience. Initiative and 
adaptability more essential than previous experi- 
ence of audio-frequency work. Salary according 
to qualifications and experience. Family Allow- 
ance and Pension schemes. Write in the first 
instance for application form to the Secretary, 
University College London, Gower Street, W.C.1, 
quoting Phonetic/r. W 2161 


YOUNG ELECTRONICS ENGINEER, with 
good theoretical background and at least four years’ 
practical experience in the design and construction 
of electrical equipment, required by large engineer- 
ing firm in the Midlands for development of 
strain-gauge testing equipment in Research 
Laboratory. Reply in writing, stating particulars 
of training and experience, together with salary 
required, to Box W.2169. W 2169 


MARCONI’S WIRELESS TELEGRAPH CO., 
Chelmsford require qualified engineers with 
previous experience in research and development of 
television apparatus. Salary in range of {600 to 
£800 per annum, according to qualifications and 


experience. Write, giving full information, 
quoting Ref. 266 to Central Personnel Services, 
English Electric Co. Ltd., 24/30, Gillingham 
Street, Westminster, S.W.1. W 2164 


ENGINEER for a laboratory engaged upon 
design and development of R.F. Communication 
equipment. Applicants must have technical 
qualifications up to a Degree standard in Engineer- 
ing or Physics. Previous experience must pre- 
ferably have been in radio or light engineering 
industry. The age range is from 24-35 years. 
Salary will be paid in accordance with qualifica- 
tions and experience. Application should be made 


in writing to the Personnel Manager, Airmec 
Laboratories Ltd., Cressex, High Wycombe. 
W 2165 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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Can 
Mz enyone 


use 
TUFNOL: 


As a material Tufnol asks no favours. Using 
the same tools as for metal, it can be 
machined accurately and quickly. The 
pre-fabricated forms, tubes, bars, rods and 
channels may help reduce your production 
costs. Tufnol is also supplied in sheets or 
specially moulded shapes. 











The uses of Tufnol are legion. It presents a 
valuable combination of chemical resisting, electrical insulating and 
mechanical qualities. Where a material is required to withstand 
moisture and corrosion.or extremes of climate, to mate with metals 

* yet have long life to resist tensile, shear, and 
impact stresses — there you will find Tufnol 
giving unfailing service. 


Are your competitors using Tufnol ? 


FOR YOUR INFORMATION 
Data already collected in the various Tufnol 
Publications may prove of use to you. If your 

problem is a NEW one, our Technical Staff will TUF NOL 
co-operate enthusiastically. Why not write TODAY ? Fan ELLISON Product 


TUFNOL LTD - PERRY BARR - BIRMINGHAM - 22B 
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CLASSIFIED ANNOUNCEMENTS (Cont'd.) 


PHYSICIST «with experience of electronics, 
preferably as applied to instruments, required for 
research and development work c alling for initiative 
and creative ability. Apply, giving details of 





education ‘and experience and stating salary 
required to Research Department, Cambridge 
Instrument Company Ltd., Cambridge. W 2163 


SENIOR ENGINEER to take charge of labora- 
tory engaged upon design, development and applica- 
tion of R.F. heating equipment. Applicants must 
have an Honours Degree in Engineering and 
previous experience in R.F, Heating. Age from 
28-45 years. Salary will be paid in accordance 
with qualifications and experience. Applications 
should be addressed to the Personnel Manager, 
Airmec Laboratories Ltd., Cressex, High Wycombe, 
giving full details. WwW 2166 
MARCONI’S WIRELESS TELEGRAPH CO., 
Chelmsford, have vacancies for a number of Junior 
Engineers for the development and design of 
television cameras and associated equipment. It is 
desirable, but not essential, that applicants should 
have had previous experience in this class of work. 
Salary from £350 to £550 per annum, according to 
ualifications and experience. Write, giving full 
etails, quoting Ref. 323, to Central Personnel 
Services, English Electric Co. Ltd., 24/30, Gilling- 
ham Street, Westminster, S.W.1 W 2168 
LOUDSPEAKERS —fully experienced Designer 
and Experimental Engineer required. Capable of 
developing loudspeakers for all radio and television 
applications. Senior position available. Apply in 
confidence with full details of technical qualifica- 
tions and experience to Box W 2162 W 2162 
MARCONI’S WIRELESS TELEGRAPH CO., 
Chelmsford, require an Engineer with suitable 
qualifications and experience to take charge of a 
television studio and O.B. equipment demonstra- 
tion team. Some commercial and operating 
experience desirable. Salary, £700 to {900 per 
annum, according to qualifications and experience. 
Write, giving full particulars, quoting Ref. 303, to 
Central Personnel Services, English Electric Co. 
Ltd., 24/30, Gillingham Street, Westminster, 
S.W.x1. W 2170 
AMALGAMATED WIRELESS (Australasia) 
Limited invite applications for positions in its 
Research Laboratories and Works, Sydney, Aus- 
tralia, in the following categories :—(1) Senior 
Engineers and Physicists with about seven years’ 
personal experience in research development or 
design work in telecommunications followed by 
experience in the supervision of a small group 
engaged in such work. Men with University 
Degree in Electrical Engineering or Science or 
‘Corporate Membership of I.E.E. preferred. 
(2) Engineers or Physicists with about three years’ 
personal experience in research development or 
design work in telecommunications. Men with 
University Degree in Electrical Engineering or 
Science or Corporate Membership of I.E.E. pre- 
ferred. (3) Radio Engineers, City and Guilds 
Standard or equivalent with about five years’ 
experience in the development and preparation of 
prototype models for the production of electronic 
equipment. Applications, giving particulars of 
training, should be addressed to Box W.2167. 
W 2167 

A.F. DEVELOPMENT. Laboratory in the West 
Midlands has vacancies for one Electronic and 
one Mechanical Engineer, «preferably but not 
necessarily, with experience in recorder and 
amplifier design. Preference will be given to 
applicants who show initiative and keenness. 

embers of our staff have been informed of the 
vacancies. Please give detailed information on 
age, experience and ability, to Box W.2171. 

W 2171 

UNIVERSITY OF LONDON. Post-graduate 
Medical School of London. Electronic Engineer 
required in Biophysics Section, for design and 
construction of research radio equipment. Work- 
shop experience and general ability in laboratory 
and experimental work desirable. Applicants 
should have the same qualifications as Senior 
Technician. Salary, £450 by {£20 to £530, with 
superannuation. Apply to Dean, Post-graduate 
Medical School of London, Ducane Road, London, 
W.12, before gth January, 1950. W 2174 


SITUATION WANTED 
ELECTRONIC ENGINEER requires position 
of responsibility as Senior or Executive in design 
or administration where initiative is required. 
Experienced handling staff, designs, development 
and production. Southern England preferred. 
Box W.1035. W 1035 





Hectronic Engineering 


EDUCATIONAL 
A.M.LE.E., City and Guilds, etc., on ‘NO 
PASS—NO FEE” terms. Over 95 per cent 


successes. For full details of modern courses in all 
branches of Electrical Technology, send for our 
112-page handbook—FREE and _ post free. 
B.I.E.T. (Dept. 337B), 17, Stratford Place, 
London, W.1. / 100 





SERVICE 
ELECTRONIC, scientific and optical instruments. 
Experimental and production inquiries solicited. 
Apply Instrument Works, 38, Salisbury Road, 
Highgate, London, N.19. W 1036 
LOUDSPEAKER repairs, British, American, any 
make. Moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.1. W 101 
GLASSBLOWING, repetition and scientific, by 
Hall Drysdale & Co. Ltd., of 58, Commerce Road, 








Wood Green, London, N.22. Phone BOWes 
Park 7221- W 109 
FOR SALE 
GEIGER Counters made by North American 


Philips, 50s. each. Velodynes, Magslips, including 
hunter, transmitter, receivers, resolvers, induction 
motors, also power and phase- shifting selsyns, 
send for detailed list and data. 8,000 volt coils for 
R.F. E.H.T. supplies, by well- known manufacturer, 
only 17s. 6d. each. full data supplied. Hopton 
Radio, 1, Hopton Parade, Streatham High Road, 
London, $.W.16. STReatham 6165. W 2159 


NEW WIRE RECORDER for sale. Type “A” 
Model by Boosey & Hawkes, with spare — * 
and hand attachments, earphones, etc. What 
offers? Write Box W.1029. W 1029 


AMERICAN MAGAZINES. One year post free. 
Radio Electronics, 32s. 3d.; Audio Engineering, 
28s. 9d.; Radio and Tele. News, 36s.; Popular 
Science, 28s. 6d.; S.A.E. for full list from Willen 
Ltd. (Dept. 9), 101, Fleet Street, London, E.C.4. 

J 1027 
THE FAMOUS R.A.F. Noise Suppressor for 
A.C. Mains or D.C. Stops all noise for Television 


and Radio. Only 7s. 6d. post free. Send S.A.E. 
for lists. Apply John Clark, 29, High Street, 
Buxton. W 1034 


ALL COPIES of “ Electronic Engineering ”’ from 
December, 1943, to December, 1949, inclusive. 
Unsoiled and completely intact. Offers to Frank 
Ellis, 24, Cambridge Road, Birmingham, 14. 
Telephone : HIG. 3034. sW 1032 


WEBB'’S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 


FIVE-CORE CABLE (9/012) 
sheathed, tinned copper screened, Is. 
enamel copper wires. Armes, 37, 
Drive, Leigh-on-Sea. 

VALVES: 1,000 VR78; 2,000 VR92;_ 1,000 
6J5; 1,000 VR65; 5,000 VR65A, 6K7s; 2,000 
VRS4, new boxed. All at 3s. 6d. each. XTAL 22 
SYLVANIA, 3s. 6d. each. 100 Kce/s, 12s. 6d. each. 
New Belling & Lee 5 pin, 7 pin plugs and sockets, 
6d. each. Pye plugs and sockets, 6d. each. 2 pin 
plugs and sockets, 6d. complete. Meters, all types. 


tough rubber 
yard. Also 
Birchwood 

W 1021 


Amateurs Paradise, 155, Humberstone Road, 
Leicester. W 1020 
MERCURY SWITCHES are made by Hall 


Drysdale & Co. Ltd., 
Wood Green, London, N. 22. 
Park 7221-2 


of 58, Commerce Road, 
Phone BOWes 
W 107 





WANTED 


WE WILL BUY at your price used radios, 
amplifiers, converters, test meters, motors, pick- 
ups, speakers, etc., radio and electrical accessories. 
Write, phone or call, University Radio Ltd., 22, 
Lisle Street, London, W.C.2. GERrard 4447. 

W 103 


PATE NTS 


THE PROPRIETORS of British Patent 
No. 564,194, relating to Electronic Translating 
Devices, are desirous of entering into arrangements 
by way of licence or otherwise on reasonable terms 
for the purpose of exploiting the same and ensuring 
its full development and practical working in this 
country. Interested parties who desire a copy of 
the Patent Specification and further particulars, 
should apply to S. E. Matthews of 14/18, Holborn, 
London, E.C.1. W 2175 


January, 1950 


THE PROPRIETOR of British Patent 
No. 561,434, relating to Electric Relay Systems 
for the Automatic Control of Variable Conditions, 
is desirous of entering into arrangements by way of 
licence or otherwise on reasonable terms for the 
purpose of exploiting the same and ensuring its 
full development and practical working in this 
country. Interested parties who desire a copy of 
the Patent Specification and further particulars, 
should apply to S. E. Matthews, 14/18, Holborn, 
London, E.C.1. W 2176 


THE PROPRIETOR of British Patent 
No. 564,193, relating to Electronic Translating 
Devices, is desirous of entering into arrangements 
by way of licence or otherwise on reasonable terms 
for the purpose of exploiting the same and ensuring 
its full development and practical working in this 
country. Interested parties who desire a copy of 
the Patent Specification and further particulars, 
should apply to S. E. Matthews, 14/18, pe 
London, E.C.1. NV 2177 








ATTENTION 
RESEARCH AND DEVELOPMENT SECTIONS 
Listed below are a few items from our super 
detailed catalogue of interesting bargains: 
Alnico Magnetron Magnets, boxed, 10/- each 
c.p. 
Servo Units T.1 Bombsight, boxed, 22/- 
each c.p. 
Meters, various types, from 4/11 each. 
Rheostats, 80 ohm 4 amp. or 160 ohm 2 amp., 
20/10 each c.p. 
Pressure, Suction and Vacuum Gauges from 
2/- each. 
Air Pressure-operated Switches, 4/3 each c.p. 
Pumps, — types and purposes, from 
9/6 each 
Selenium Rectifiers, light and heavy duty, 
from 2/- each. 
Send a S.A.E. for a Free Copy. 
WILFLO PRODUCTS, 
218-222, Gorbals Street, Glasgow, 
Telephone : SOUth 2385. 


c.5 











EP 63 Mains Transformer... 
DP 52 Choke... es 
DP 62 Choke... iid ae 





VARLEY COMPONENTS 


FOR 
ELECTRONIC ENGINEERING 
HOME BUILT TELEVISOR 


List No. 
WS 903/4 KV-2V (2A)... 


67/6 


or 


(WS 903/5 5KV-2V wins - 1 


“yi [ie . 72/6) 
90/- 
18/6 


17/- 
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Infra - red 


WiVitiMemuiiOitvbl yom ws |i 





For Pyrometry, Spectroscopy, and 
the Detection of Radiant Heat 


These lead sulphide cells are the fastest 
and most sensitive devices for the detec- 
tion and measurement of infra-red radia- 
tion in the 1 to 3 micron wavelength 


region of the spectrum. They are sensitive 
to source temperatures as low as 200°C, 
and they respond to temperature varia~ 
tions within 100 microseconds. 





Left: Type ““M”’, for detection and pyro- 
metry, is of minimum dimensions 
and simple mechanical construction. 


Below: Type “C.1”, for detection and 
spectroscopy. This cell has provision 
for cooling by carbon dioxide, a 
feature which considerably increases 
its sensitivity. 


Other BTH infra-red devices include: 
Nernst filaments (as infra-red sources), 
special infra-red transmitting glass, and 


ee semiconductor bolometers. 


Full particulars on application. 











BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY, ENGLAND 





A 3986 
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Ferranti 


MINIATURISED HERMETICALLY SEALED 


Transformers 


1 aM 





Tue Ferranti range of miniature hermeti- 
cally sealed transformers and chokes has 
been designed to meet the increasing 
demand for high-grade components by 
equipment manufacturers, and is specially 
suited for use in equipments in which 
reliability, miniaturisation and full 
tropicalisation combined with lightness 


* 
For further information and descriptive leaflet write to: F er r an ti Lid 


FERRANTI LTD - TECHNICAL SALES DEPT - FERRY ROAD - CREWE TOLL - EDINBURGH 5 


of weight are of major importance. 

The transformers are housed in cans of 
monel metal, which has excellent anti- 
corrosive properties. These cans have 
ceramic bush-type terminals and are spray- 
painted black for maximum heat dissipa- 
tion. Ferranti transformers are designed 
to customers’ specific requirements. 
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MEASURE YOUR COMPONENTS 


ON THE 


MUIRHEAD IMPEDANCE BRIDGE 
ft gives answers without ambiguity 


RANGES: 


D.C. RESISTANCE: 


0:00! ohm to I-11 Megohms. 


CAPACITANCE: | uur to 100 uF 
DISSIPATION FACTOR: 0-/-2. 
INDUCTANCE: | wH to 1000 H. 


MAGNIFICATION FACTOR: 0-60. 





TYPE D-197-A 


FEATURES : 


Resistance and reactance standards. 
BUILT- } 1 kc/s oscillator and bridge amplifier for A.C. measurements. 


IN Rectified A.C. source and sensitive centre-zero galvanometer for D.C. 
resistance measurements. 


PROVISION FOR USE OF EXTERNAL GENERATOR FOR A.C, MEASUREMENTS UP TO 10 KC/s. 
PROVISION FOR USE OF EXTERNAL GALVANOMETER. 

MECHANICAL INTERLOCK BETWEEN DIALS DISPLAYS ONLY ONE ANSWER, 
ELECTRONICALLY OPERATED WAGNER EARTH. 


ALL - MAINS OPERATION. 
Full details in bulletin B-642—which will gladly be sent on request 


Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


C.R.C.738 
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MAZDA Battery Miniatures 


Hereare four miniature | .4v battery valves fromthe ‘| With filamentsseries connected they aresuitablefor 
Mazdarange. They are mounted onB7G bases,and | use in receivers of the all-mains/battery-operated 
- their small size (54 mm x 19 mm), low filament and | type. In addition, they are suitable replacements 
economical H.T. consumption make them ideal | for U.S.A. “* button-base ” types 1R5, 1T4, 185 
for miniature battery superheterodyne receivers. | and 3S4. Full details will be given on request. 





IC PENTAGRID FREQUENCY CHANGER 


Filament voltage .... al ae 1.4v 
Filament current .... a | .05A 
Maximum anode voltage... Va(max) 90v LIST PRICE : 3 - 
Maximum screen voltage... Vg2(&4)max 67.5v 
Maximum mean cathode 
current .... vee eee I (av)max 5.5mA 








Maximum screen voltage.... Vg2(max) 67.5v 
Maximum mean cathode 
current .... sid we Ie(av)max 5.5mA 











IFD9 DIODE R.F. PENTODE 


Filament voltage .... a | 1.4v 
Filament current .... secs.) a OSA 
Maximum anode voltage.... Va(max 90v 
Maximum screen aa.. vista) 90v LIST PRICE | 3/ - 
Maximum mean cathode 
current .... a ws Ik(av)max 3.0mA 
Maximum mean diode cur- 
rent us tt ba(d)(av)max 0.2mA 











IP1Q0 OUTPUT PENTODE 


Filament voltage .... os 2.8vt |.4v* 
Filament current .... sas a 0.05At 0.1A* 
Maximum anode voltage... Va(max) 90y LIST PRICE i | 6 
Maximum screen voltage... Vg2(max) 67.5v 
Maximum mean cathode : 3 
current .... sexs we. > Ik(av)max 5.5mAo 





1F3 VARIABLE-MU R.F. PENTODE 

Filament voltage .... soos WE 1.4v 

Filament current .... cose) Sa OSA 

Maximum anode voltage... Va(max) 90vy LIST PRICE | | 6 





c 





t Series filament arrangement * Parallel filament arrangement @ For each. 1.4v filament section 


LEIDIIS WAIN 
MAZDA 


RADIO VALVES AND CATHODE. RAY TUBES 


(v.87) 
THE EDISON SWAN ELECTRIC CO. LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2 














950 le tan 
© January, 1950 Electronic Engineering , 


TEMPERATURE 
CONTROL 


: Accurate instruments for | i 
every laboratory and works =~” 


> 


Manufacturers of: 

HOTWIRE VACUUM RELAYS 

GLASS-SEALED AND ADJUSTABLE THERMOSTATS 

ACCURATE THERMOSTATS * ELECTRONIC RELAYS «+ RESISTANCE 

. THERMOMETERS AND CONTROLLERS « ENERGY REGULATORS «+ TIME- 

DELAY SWITCHES ~- D.C. AMPLIFIERS, etc., etc. Please write for 
appropriate Catalogue Sections. 




















SUNVIC] CONTROLS LIMITED 


SUNVIC HOUSE, 10 ESSEX STREET, STRAND, LONDON, W.C.2 
Phone: TEMple Bar 7064-8. (5 lines) Telegrams: SUNVIC, ESTRAND, LONDON 
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52°77 FOR SWITCHES 





uu 
wml 


== _ = and all radio components 


= 32-5 32 2 2 = = _ FREQUENTITE-FARADEX-TEMPRADEX 


mutt 
i 


STEATITE & PORCELAIN PRODUCTS LTD. 


Stourport on Severn, Worcester Telephone: Stourport III Telegrams: Steatain, Stourport 








S.P.54 
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NEW/ 


[JAR a te i44] ComMPONENTS 














For Screened Balanced Twin Cables 





L689 Bulkhead Socket—extreme left L625 P Flex Plug—top left 

5 L690 Line Socket—top right 
L625,S Chassis Socket—shown centre L625/P Component parts of Flex Plug— 
L625/P Flex Plug—extreme right front 


A range of lightweight connectors complying with the latest R.E.C.M.F. draft specification 
for screened balanced twin cables ; Duradio 28; Telcon B.A.3. P.S.M. and other 
screened balanced twin cables not exceeding 0.240 in. dia. over screen. 


FEATURES OF THEIR DESIGN 


* Contact assemblies interchangeable Simple assembly and loading 

%& Positive quick action locking device High grade bakelite insulators Nylon X17163 ye 

* Finished for instrument panel requirements Machined light alloy screened housing * 
CHARACTERISTICS 


Component characteristic impedance 100 ohms 
Contact resistance—tess than 10 milliohms. 


Capacitance—Conductor/conductor 1.0 pF. Each conductor 
screen 2.5 pF. 


Chassis fixing—6BA clearance on I} in. centres. 
Breakdown voltage—Pin to pin 4 KV. Pins to screen 2 KV. 














BELLING ¢ LEE LTD 














CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND 
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This publication is of importance to 
radio engineers. It gives useful informa- 
tion on the range of connecting wires and 
sleeving made by BICC to meet the 
requirements of the Radio and Tele- 


communication industry. 


Write to-day for Publication 247R 








BH BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 


iy 
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Why we designed the 


STEREOPHONIC 
AMPLIFIER 


In our search for really high quality we had already built an amplifier of 0.01 per 
cent distortion and 40 times damping factor, which we believe is the finest straight 
amplifier in the world. Unfortunately we have been unable to obtain a single speaker 
which will faithfully reproduce the whole range, and when used to drive twin speakers 
via a cross-over network these introduced more distortion and peaks than could be 
tolerated. From this we drew the following conclusions. 


The attainment of really high quality had always been marred by defects at the 
speaker end of the reproducer, which were :— 


(a) The inability to cover the whole audio range with handling capacity of 
8 to 10 watts at the lowest piano frequency of 26 cycles. 

(b) The interference caused by the Doppler effect, or where this has been 
minimised, the lack of speech coil feedback and damping at frequencies 
where that particular speaker should be silent. 

(c) The variation in acoustic power at the ends of the audio band, or the 
difference in efficiency of the two speakers when fed by cross-overs after 
the amplifier. 

(d) The resonance of the choke and capacitor network at various frequencies 
which in one case gave a variation of 5 ohms to 105 ohms for a nominal 
15 ohms impedance. 


All these points were considered, and an amplifier was then designed and built to 
overcome all these deficiencies, the audible results exceeded expectations and a 
> stereophonic effect was noticed on some records and the amplifier accordingly called 
** Stereophonic.” 


The requirements of triode cathode follower and 8 to 10 watts output is best met 
by PX4’s, since their mains consumption is low compared to pentodes strapped as 
triodes and heater hum does not bother a cathode follower. A single valve is capable 
of the equivalent acoustic requirements at the higher frequencies. The cross-over is 
fitted in the middle of the amplifier where it is not concerned with power transfer and 
does not introduce resonance or distortion. 


Superlatives fail in the description of the quality of reproduction from this new 
amplifier, but may we just say it gives the finest quality reproduction of any unit, 
some costing almost a thousand pounds, that we and many others have heard. This 
is due to the lack of resonances from the loudspeakers, with the result that needle 
scratch is barely audible, even with the full audible frequency range. 


Unlike most reproducers where bass is reduced to ensure good unmodulated treble 
it is possible in this case to retain the full richness of the bass without interfering in 
. any way with the treble response, and the lowest organ note to the highest strings can 
be reproduced at the same time without modulation distortion. This high quality is 
maintained even at whisper strength to an abnormal degree. 
In these few words we cannot convey just how good this quality of reproduction 
really is, but we do invite you to a demonstration, and if possible bring your own 
well-known test records, upon which to base your judgment. 





Chassis complete with valves 


Price 364 gns. 


VORTEXION LIMITED, 257-261 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 
Telephones: LIB 2814 and 6242-3 Telegrams: ‘‘ Vortexion, Wimble, London ” 
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OUR SERIES OF 
COPPER-OXIDE REC- 
TIFIERS COVER A WIDE 
RANGE OF CURRENT 
AND VOLTAGE 
RATINGS. 


All types, except the largest, are enclosed 

in an injection-moulded case of polythene 

to ensure perfect sealing from the 
atmosphere. 


WRITE TODAY FOR LIST EE/R4903 


er 


SALFORD ELECTRICAL INSTRUMENTS LTD. 


PEEL WORKS . SILK STREET - SALFORD3 . LANCS . ENGLAND 
A subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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- gees a be Se : 
begins with one step— 
‘CINTEL’ guarantees a step in the right OQ 
direction where electronics are concerned. 

We illustrate three typical ‘CINTEL ’ instru- 
ments from our wide range for the modern 
laboratory. Please write for further particulars 


OLE come 








*CINTEL’ MICROSECOND > 
COUNTER CHRONOMETER : 


‘CINTEL’ R.C. OSCILLATOR * 4 
& AUTOMATIC FREQUENCY | 
MONITOR male 


“CINTEL’ MUTUAL & 
SELF INDUCTANCE BRIDGE 


areas 


FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometers @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes @ Geiger-Muller Tubes @ Electronic Instruments 


WORSLEY BRIDGE ROAD - LONDON : S:E:26 
Telephone: HiTher Green 4600 








Northern Agents: Scottish Agents : 
F, C. ROBINSON & PARTNERS LIMITED ATKINS, ROBERTSON & WHITEFORD LIMITED 
308 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 
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hyratrons. Areplacement Sumber of industrial electronic applications, 


for, and-an improvement upon the OA4G, it *he more important of which include :— 


has the following outstanding advantages :— @ Welding and industrial engineering timers. 
@ Sequential process timers. 
(1) High continuous and instantaneous cathode curtent. @ Alarm, fault and protective systems. 


(2) Consistent striking characteristics. @ Kemote-controlled power switching. 





Higher stability and freedom from photoelectric and PRINCIPAL CHARACTERISTICS 


temperature effects. - 
*Max. Operating Anode Voltage ... ..» 225V peak 


Reliability and long life resulting from improved Trigger Voltage for firing (Pos.)... _...| 70V. min. to 

cathode activation. | 90V. max. 

Trigger Current at Striking Point (V,=140) | 100A max. 
..+ | 7OV. approx. 


Valve Voltage Drop sas ak 
Max. Continuous Cathode Curren «. 25mA 
u ar Max. Peak Cathode Current... ..» | 100mA 
*Above this voltage the valve may break down at Vg==O. 
e s 
thermionic valves & electron tubes 


industrial Power Valves Thyratrons - Industrial Rectifiers - Photocells - Flash Tubes - Accelerometers 
Cathode Ray Tubes - Stabilisers and Reference Level Tubes - Cold Cathode Tubes - Electrometers, etc. 











MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, W.C.2 
MYT45 


ab 
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EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE : CENTRAL 6565 (10 LINES) 


MANAGING EDITOR : H. G, FOSTER, M.Sc., M.1.E.E. 


TELEGRAMS ;: LECTRONING, ESTRAND, LONDON 
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Television Progress 


T has been wisely said that the true way to 

measure television progress is by the extent to 
which it becomes a national service. By this reckon- 
ing British television is making its first determined 
step into the Provinces with the opening of the 
Birmingham station on December 17—but only the 
enthusiasm of the B.B.C. and the energy of the radio 
manufacturers responsible for the equipment deserve 
any credit for the extended service area. 

Television progress in this country has been frus- 
tratingly slow, in spite of the post-war bonds on 
industry, and public disappointment has frequently 
been expressed, and with every justification. When 
the Television Advisory Committee was formed in 
1945, at the instigation of the Hankey Committee 
on Broadcasting Policy, it was obviously intended to 
take the lead and guide.the Postmaster-General, the 
B.B.C. and the radio industry along the proper path 
to put and keep British television in the forefront 
throughout the world. But it is doubtful if the Tele- 
vision Advisory Committee ever acted in full 
accordance with its original terms of reference, 
which were ambitious and promising. Many believe 
the Committee’s membership ruled out the pos- 
sibility of an adventurous career for television, which 
it surely deserved—since Great Britain, apart from 
providing the first regular television service in the 
world, was responsible for so much of the early re- 
search work and development in that sphere. 

The Television Advisory Committee, consisting 
mainly of Government officials of the Treasury, the 
Ministry of Supply and the Post Office and the 
B.B.C.—the radio industry is not included—has 
recently been given revised (and we feel more 
limited) terms of reference: they are ‘‘ to advise 
the Postmaster-General on current development 


problems of the B.B.C.’s television service.’’ Thus 
the urge to ‘‘ adventure ’”’ that was originally in- 
herent has been taken away from the T.A.C., and 
only ‘‘ current problems ”’ need ripple the pool of 
complacent discussion. 

If television is to take its rightful place in this 
country—both in the cultural and industrial fields— 
there is a degree of urgency unprovided for in the 
Government’s present plan for stations to serve 80 
per cent of the population by 1954. This is the view 
of the industry, which is anxious for a flourishing 
home market in television receivers (a prerequisite 
for a useful export trade) in order to justify the cost 
of further research and the probability of cheapen 
ing sets with increased demand. The B.B.C. is eager 
also to expand its services to the benefit of all; but 
its capital expenditure is controlled by the Govern- 
ment and is only granted from year to year. 

The T.A.C. has the ball at its feet; but the game is 
slow—so slow, in fact, that after a recent meeting 
between the Committee and the Radio Industry 
Council the latter felt that under its revised terms it 
would not be possible for the Television Advisory 
Committee to be effective in developing television in 
this country. The Council therefore decided that no 
useful purpose would be served by attending further 
meetings of the Television Advisory Committee. 

Meanwhile the Beveridge Committee is consider- 
ing the renewal of the B.B.C. Charter, which is due 
in 1951, and perhaps a remedy for the present un- 
imaginative approach to television will arise out of 
these discussions. It may be that television will 
eventually secure its independence within the B.B.C. 
administration: such a policy would be likely to 
please all who have faith in British television. 


W.#H.K. 
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Precision Measurement 


of Rotary Motion 


N measuring rotary motion we can determine the 

number of revolutions occurring in a given time, 
or alternatively the time taken for a given number of 
revolutions can be measured. The former method 
has the advantage of being direct reading in r.p.m. 
and it is convenient to make the measurement in 
terms of frequency. 

There are many methods of measuring frequency, 
and which method is employed will depend on the 
conditions of test and the accuracy desired, In the 
laboratory, manually operated electrical bridges such 
as the Maxwell can give accuracies as high as 0.5 
per cent when measuring frequency which is reason- 
ably constant over the measuring time and where the 
waveform is free from harmonics. The need for 
manual operation can be a serious objection on the 
test bed where many other phenomena are required, 
and frequency meters which make use of R.-C. net- 
works have been produced to give a voltage which is 
proportional to the input frequency. Accuracy at 
full scale deflexion is rarely better than 1 per cent, 
although the use of a polystrene capacitor and an 
Ayrton-Perry wirewound resistor for the network can 
improve the accuracy. In the bridge and integrat- 
ing frequency methods it is an advantage to use a 
suitable low pass filter in the input circuit when the 
approximate frequency is known. 

For aircraft use the electro-tachometer of the mag- 
netic drag cup type has been developed to give 
accuracies better than 1 per cent at the top end of 
the scale reading. The reading presented is con- 
tinuous, but there is an appreciable time constant in 
the indicator mechanism. In the _ indicator 
mechanism a copper sleeve surrounds a four-pole 
magnet driven by a_ three-phase synchronous 
motor of the self-starting type. The rotation of the 
sleeve is controlled by.a spring and drives a pointer 
mechanism which consists of two pointers. The 
longer pointer indicates hundreds and the shorter one 
registers thousands, thus for a five turn indicator 
good scale reading accuracy is obtained. The motor 
is driven by the output from a three-phase generator 
which is located and driven by the shaft whgse 
rotation is to be measured. In this way a remote 
indication of the rotary motion is provided by using 
electrical transmission. 

The need for a reading approaching an instan- 
taneous one has been compromised by using a count- 
ing technique over a short time interval. As the 
counting method is limited to an integral count, fre- 
quency multiplication of the signal is usually 
required and this has proved a limitation in the reli- 


* The Plessey Co., Ltd., [ford. 


January, 1950 


Fig. |. Electronic precision 
engine speed indicator 





ability of the method. Developments sponsored by 
radar have led to pulse shaping, frequency division 
and multiplication techniques which can be analysed 
and are therefore reproducible and the circuit 
engineer can now use these methods with confidence. 


Electronic Counting 


In the electronic counting method, engine speed is 
determined by an integral count of the number of 
revolutions occurring in a given time. For high- 
speed operation a, mechanical counter would be 
impracticable, hence the electrenic counter possess- 
ing negligible inertia is used. Moreover, the use of 
electronic circuits avoids errors due to the introduc- 
tion of switching delays, yet also permits a relatively 
short and accurately known time interval to be 
employed for the period of counting. 

The time interval can be derived from a valve 
maintained tuning fork, a quartz crystal oscillator 
or other suitable frequency standard. The need for 
a short time interval necessitates the use of a fre- 
quency dividing unit in order to obtain a sub- 
multiple of the reference frequency. It is, therefore, 
an advantage to use a low frequency for this pur- 
pose in order to restrict the amount of division. 
Tuning forks made from elinvar are available with 
frequency /temperature coefficients of the order of 
10 parts in a million per degree centigrade, and fre- 
quencies in the spectrum 800-1,000 c/s. are most suit- 
thle in actual practice. 
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Fig. 2. Circuit diagram of input 


An accuracy of 0.1 per cent for a revolution counter 
over an ambient temperature range of +10° C., i.e., 
average conditions of the laboratory and test bed, 
can be realised with such a standard, since it will 
be shown that nearly all the error for this degree 
of accuracy is due to the timing interval. 

For higher accuracies the fork can be maintained 
at a given temperature, although the physical size 
of such a standard will limit its use to ground appli- 
cations. Recent developments in quartz crystals 
with the N.T. cut vibrating in a flexural mode permit 
standards to be made as low as 800 c/s. Experience 
has shown that crystals of 4 Ke/s. are reproducible 
Frequency /temperature coefficients less than two 
parts in a million per degree centigrade are obtain- 
able with negligible pressure/ frequency coefficients, 
whereas tuning forks have three to five parts in ten 
million per mm. of pressure. 

There are several types of frequency dividing cir- 
cuits, e.g., the regenerative modulator, the Trocho- 
tron and the bi-stable trigger relay of the Eccles- 
Jordan type. These are of the self-suppression type, 
i.e., no output is given in the absence of an input 
signal. Dividers of the controlled astable multi- 
vibrators form permit reliable division up to a 
factor of ten, but are preferable limited to a division 
of five, and when used with a scale-of-wo divider 
very reliable division of five is obtained. 

Where a one second timing interval is required 
cascaded scale-of-two dividers can be employed by 
using a standard whose fundamental frequency is 2". 
The output from the 1.c/s. stage is differentiated to 





plifier and freq y multiplier 





produce sharp leading edged pulses with negligible 
rise times. These pulses are fed to a self-locking 
electronic relay stage which functions by the first 
pulse to arrive after a manually operated switch has 
been closed. In effect the relay is a gate which 
opens for one second and transmits any applied signal 
for one second only as the next timing pulse to arrive 
closes the gate. The total number of cycles in the 
applied signal passing through the gate are registered 
by a counter. 

As the revolution counter may have to accept a 
wide range of input voltages with waveforms which 
are distorted, some form of input amplifier and pulse 
forming circuit is necessary. The pulses so formed 
can then be presented to the electronic relay and the 
total number occurring in the gated time interval 
are fed to the high speed counter. There are a 
number of forms of electronic counters and the 
easiest from the circuit aspect makes use of a scale- 
of-two counter, which is a logical development from 
the scale-of-two divider. For most applications a 
binary scale would not be acceptable as we use a 
scale-of-ten. Practical counters of the sequence 
operated type are available and are designed to re- 
cycle automatically after a pre-determined number 
of input pulses giving an output pulse in the process. 
A feedback method can be employed to a cascade 
of scale-of-two counters to convert to a scale-of-ten. 
To obtain a four-figure result from such cascades 
the tenth pulse applied to a given decade, can be 
utilised, resetting that decade to zero and initiating 
a pulse which is applied to the next higher decade. 








The indication of the number of counts can be pre- 
sented by several methods and a convenient one is 
to use a neon tube to show which valve of a trigger 
pair is “‘ off”’. 

Example of Revolution Counter 


Fig. 1 shows an electronic precision engine speed 
indicator which has been produced for test bed work 
incorporating the followng features : 


(1) A visual indication of the r.p.m. over a one- 
second time interval which is available until cleared 
manually. 


COUNT 
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(2) Three operating ranges: 
(A) 500-5,000 r.p.m. mainly for reciprocating 
engines. 
(B) 1,000-10,000 r.p.m. for medium speed turbo- 
jet engines. 
(C) 2,000-20,000 r.p.m. for high speed turbo-jet 
engines. 
(3) To operate up to 10 Ke/s. (i.e., 600,000 r.p.m.) 
from a single phase input or over the range specified 


in (2) with a virtual no-load output from the conven- 
tional electro-tachometer. 
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The last feature is difficult to carry out in practice, 
but as the multi-turn indicator of the electro tacho- 
meter type has been fitted universally to aircraft 
engine test beds, the psychological effect on testers 
accepting an electronic counting technique has been 
strengthened by retaining the existing approximate 
tachometer. 

Fig. 2 shows a circuit diagram of the input ampli- 
fier and frequency multiplier. Where the three- 
phase output from the tachometer is used, frequency 
multiplication is necessary as the output at 500 
r.p.m. is 84 c/s. The output from each phase of the 
engine speed indicator is fed separately to three 
identical amplifiers. The voltage output amplitude 
varies about 6/1 over the speed range and R106, 
R107 and C57 form a network to reduce this ratio 
to less than 1.5/1. The amplifiers give 5-7 watts/ 
phase whose outputs are fed to a_ three-phase 
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synchronous motor with phonic wheels. Thus 
the generator output is converted direct to r.p.m. 
for case 2(a), (b) and (c) when driven at engine 
speed, at a 2/1 reduction and at a 4/1 reduction; 
i.e., normal conditions of installation. The phonic 
motors forms a frequency multiplier unit and for 
each of the three ranges the engine speed will vary 
between 8} to 83} c/s. Thus for direct reading in 
r.p.m. phonic wheels of 60, 12 and 24 teeth are 
provided to give 5,000, 1,000 and 2,000 c/s. for top 
speeds of 5,000, 10,000 ‘and 20,000 r.p.m. respectively 
in conjunction with scale multiplying factors of 1, 
10 and 10. 


The timing interval is derived from a 1 Ke/s. 
Elinvar valve maintained tuning fork and Fig. 8 
shows a circuit diagram of the complete divider. 
Division ratios of 2, 5, 2, 5, 5 and 2 in cascade, i.e., 
frequencies of 500, 100, 50, 10, 2 and 1 c/s., are 
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obtained from a combination of scale-of-two dividers 
and scale-of-five multivibrators. The natural fre- 
quency of the multivibrators can be varied by 
operating non-locking press switches which alter their 
R value + 15 per cent to facilitate setting of the 
rheostats to bring the stages within the range of 
synchronism of the desired sub-multiple of the input 
frequencies. Diodes are used to pass negative going 
differentiated pulses for the locking signals. 


To check that the correct order of division is given, 
a switch SW8 selects the output from the divide by 
2, 10, 20, 100 and 500 stages, and when the division is 
correctly carried out frequencies of 500, 100, 50, 10 
and 2 c/s. respectively are used to control the elec- 
tronic relay, while the 1,000 c/s. from the fork is 
fed into the gate when counts of 2, 10, 20, 100 and 
500 will be recorded. A count “‘ 1,000’ and “‘ use ”’ 
positions are provided when the relay is operated 
for one second and thus permits the whole division 
chain to be checked. The counter needs a negative 
pulse of suitable shape and minimum amplitude to 
function correctly, and the output from the fre- 
quency multiplier unit or from the single phase in- 
put is fed to the pulse forming stage shown in Fig. 5. 
At the instant of triggering a sharp positive pulse is 
passed through the differentiating network C2, R11 to 
the control grid of the gate valve V3. This gate will 
conduct only when the control and suppressor grids 
are lifted and the time duration is selected by SW3 
in Fig. 3. 
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There are a number of forms of electronic relay 
and an example of a self-locking type is shown in 
Fig. 4. 


V4 and V5 with their components form a relay 
stage where pentodes are used to allow locking by 
the application of a negative pulse to one suppressor 
grid. V4 is normally ‘‘ on”’ when the stage is reset 
ready for use. Negative pulses at the selected timing 
interval are applied to the grid of V5 and to the sup- 
pressor of V4. The pulses applied to the grid of V5 
make no difference as that valve is already off and 
the negative potential applied to the suppressor of 
V5 by the locking stage V6 override the negative 
timing pulses applied to V4 suppressor. When the 
“* start ’’ switch is operated the pulse generated in 
this process turns the locking stage over and removes 
the negative potential from the suppressor of V5. 
Hence the next timing pulse applied to the suppres- 
sor of V4 will turn the relay stage over and apply 
positive potential to the suppressor of the gate rt a 
V3. Thus the frequency applied to the gate is pre- 
sented to the counter and as V4 is now off VN1 is 
struck to indicate count in progress. The next 
timing pulse turns the relay stage over again and 
thus closes the gate. As this stage goes off a nega- 
tive pulse passes through C12 and turns the lock- 
ing stage over, applying negative to the suppressor 
of V5, preventing the relay stage from coming on 
again until the whole apparatus is reset. In this 
way only the number of cycles of the input fre- 
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BLACK DOT INDICATES NEON STRUCK 


Fig. 6 (above). Neon presentation for 2457 


Fig. 7 (right). Miniature decade counter using four twin triodes 


quency occurring in the timing interval are able to 
reach the counter. 

The counter is of the sequence operated type and 
comprises four identical units employing four scale- 
of-two counters of the Eccles-Jordan type with a 
feedback application to convert to a scale-of-ten. 
The principle of operation has been described, but 
it is important to note that V15 in Fig. 5 is not fed 
symmetrically, as the negative pulse given by V14 
is applied to the L.H. grid of V15. It is possible 
to modify the circuit so that nine neons are used 
per decade; however, the ideal arrangement would 
give a Veeder type presentation. Fig. 6 shows the 
combination of neons for a count of 2,457 and it 
will be noted that three additions are necessary 
for the integer 7. The score is cleared by manual 
operation of the manually operated reset relay when 
all the left-hand triodes of each trigger pair are con- 
ducting and hence all neons are out. 
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Conclusions 


The method of determining r.p.m, by electronic 
counting has proved so reliable and accurate that 
investigations in the developments necessary for 
flight test work have been undertaken. The need 
for automatic observation can be met by synchronis- 
ing the operation of the camera with the indicator. 
Considerable weight and size can be saved by replac- 
ing the three-phase amplifier and phonic motor used 
in the test bed equipment by a suitab!4 pick-up and 
photo-cell unit. A miniature decade counter (Fig. 
7) employing four twin triodes of type Ecc91 has 
been produced. By the use of an N.T. cut quartz 
crystal for the timing standard and other miniaturisa- 
tion technique it is anticipated that a revolution 
counter accurate to the nearest 10 r.p.m. can be 
constructed in a size 14 in. by 8 in. by 7 in. to cover 
a range of 4,000-20,000 r.p.m. 

The work has been carried out on a development 
contract for the Ministry of Supply, and the author 
is grateful for permission to publish this paper. 





Recording of 


With the advent of television recording or 
‘telefilm ’’ as it is called, a new tool has been 
placed in the hands of the television programme 
builders. Until now, television pictures have been 
ephemeral: however notable the event, however 
great the labour devoted to planning and rehearsal, 
the picture flashed on the screen and was gone. Now, 
thanks to this new system, the pictures are captured 
in a photographic record on ordinary cinema film. 

The method was proposed by H. W. Baker, 
Engineer-in-Charge, Alexandra Palace, H. G. 
Whiting, now Engineer-inChief of the new 
Sutton Coldfield station, in collaboration with 
D. R. Campbell, one of the senior engineers at 
Alexandra Palace, and perfected by W. D. Kemp, 
of the Planning and Installation Department of the 
B.B.C. It is covered by a patent application, and is 
one of several that have been, and indeed still are, 
being investigated. 

This result has been achieved by a detailed study 
of the deterioration of picture quality that must 


Television 


inevitably take place in any process, such as record- 
ing, that combines complex electronic, optical, and 
photographic methods. The B.B.C. engineers have 
assessed these losses, and have introduced into the 
process accurately judged degrees of electrical over- 
compensation which almost exactly counter-balance 
the degradation in picture quality that accompanies 
the recording process, 


The recording system uses a continuous-motion 
camera—actually, of course, two are provided to 
enable continuous recordings to be made—in which 
the movement of the film is ‘‘ chased ”’ by an optical 
image of the television picture reflected from a rotat- 
ing mirror drum. By this means, all the 405 inter- 
laced lines of the picture are recorded on the film, 
and the difficulties of relating the television frame 
frequency to the picture repetition frequency on the 
film are overcome. 


The new recording equipment came into service 
at the beginning of November, 1949. 
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An Inexpensive Valve 
Voltmeter 


By S. W. AMOS, B.Sc.(Hons.) Grad.1.E.E.* 


VALVE voltmeter is one of the most useful 
measuring instruments the radio engineer can 
possess, but its uses are possibly less widely appre- 
ciated than they should be; for example, it can be 
used in determining the frequency response curves 
of a.F. and R.F. amplifiers up to frequencies of several 
Mc/s., for tracing signals and determining stage 
gains in amplifiers and receivers, and even for the 
direct measurement of A.G.c. voltages, 

This article describes the design and construction 
of a simple peak-reading valve voltmeter. Except 
for the mains transformer, all the components are 
war surplus and the total cost of the parts for the 
complete instrument is about £3 10s. The voltmeter 
is A.C. mains-operated, consuming less than 15 watts 
from the mains, and has five voltage ranges with 
full-scale deflexions of 1, 5, 25, 100 and 250 volts. 
The meter is a 2-in. moving-coil type with a full- 
scale deflexion of 500 “A and its calibrations hold 
with reasonable accuracy on all ranges except the 
lowest. The calibration errors on the 1-volt range 
increase from a few per cent at full-scale deflexion 
to about 50 per cent at readings near zero and a 
calibration curve should be used for accurate 
measurements on this range. Although primarily 
intended for measurement of alternating voltages, 
the instrument can also be used for measurement 
of steady voltages up to 250 volts. The input 
impedance is over 2 M® on all the a.c. ranges except 
the lowest and is over 10 M2 on all the p.c. ranges. 





Fig. |. Basic 

circuit of the 

valve volt- 
meter 





Basic Circuit 


The basic circuit is shown in Fig. 1; it consists 
of a diode detector directly coupled to a triode 
amplifier. The meter is connected in the anode cir- 
cuit of the amplifier to form a bridge network, which, 
with no input signal, is balanced by adjustment of 
R14, the “ zero”’ control. When a signal is applied 
to the diode, the grid of V2 is driven negative, the 
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bridge is unbalanced and the meter gives a reading. 
The magnitude of the deflexion is controlled by R10 
connected in series with the meter; R10 is therefore 
labelled ‘‘ calibrate.”’ An important feature of the 
design is that R10 and R14 can be adjusted indepen- 
dently of each other. 

Design Considerations 

As shown in the full circuit diagram (Fig. 2), the 
amplifier V2 is a pentode connected as a triode. An 
EF50 was chosen for this position because this type 
has a high slope, is cheap and readily obtainable. 
It also has the advantage over other types that it 
is particularly economical in heater power, requiring 
less than two watts; this is a consideration of some 
importance when the power is supplied, as here, from 
a very small mains transformer. 

On the lowest voltage range the instrument was 
required to give full-scale deflexion for a 1-volt peak 
input signal. The meter requires 0.5 mA for full- 
scale deflexion, but as it is in a bridge circuit, the 
anode current of V2 must change by more than 0.5 
mA to give full-scale reading. The design was based 
on the assumption that the anode current of V2 
changes by 1 mA for a 1-volt grid input. The mutual 
conductance of an EF50, connected as a triode, is 
more than 7 mA/V, but is reduced to approximately 
1 mA/V by the use of negative feedback. The feed- 
back gives a useful improvement in the linearity of 
the valve characteristic and also makes the gain of 
the amplifier substantially independent of changes 
in H.T. or L.T., i.e., of mains voltage. Thus there is 
no need for frequent adjustment of R10 which, once 
set, should not require attention until V1 or V2 is 
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changed. For this reason R10 is a pre-set component, 
operated by means of a screwdriver inserted through 
a hole in the front panel. The feedback also tends to 
make the gain of the amplifier independent of the 
constants of the particular valve used and R10 needs 
little readjustment even when the EF50 is replaced. 
The feedback voltage is developed across R8 in the 
cathode circuit of V2. R8 also provides grid bias and 
it is a little difficult in a pD.c. amplifier such as V2 to 
distinguish the feedback voltage from the grid bias 
voltage, if indeed, there is any distinction. It should 
be sufficient to say that if V2 has a fixed grid bias 
voltage, such as that obtained from a battery in the 
grid circuit, and if the cathode is earthed, the anode 
current changes by approximately 7 mA/V for a 1- 
volt change in grid potential. But if bias is obtained 
automatically by, say, the use of a 1,000 2 cathode 
resistor, this change in anode current produces a 7- 
volt change in p.p. between cathode and earth, with 
the result that 8 volts must now be applied between 
grid and earth to give the same effect on anode cur- 
rent that was produced by 1 volt before. Thus the 
effective gm is reduced to one-eighth of its normal 
value by current feedback. If this calculation is 
repeated in general terms it is easily shown that the 
effective mutual conductance gm’ with feedback is 
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the instrument and a certain minimum amount of 
smoothing is necessary to avoid 50 c/s. flutter of the 
needle, but the single 8 uF smoothing capacitor has 
proved quite adequate to give a steady meter 
reading. 


Relative Merits of Series-fed and Shunt-fed Diodes 


For the detector a choice must be made between 
the series-fed type (Fig. 3) and the shunt-fed type 
(Fig. 4). The series-fed circuit as illustrated in Fig. 
3 has a higher input impedance than the other, but 
in a practical circuit a fixed resistor must be connected 
across the input terminals to provide a D.c. path for 
the diode current. This resistor is essential when the 
instrument is used to measure the voltage of a source 
having no D.c. continuity between the output termi- 
nals, but it also means that the advantage of the 
high input impedance is lost. Moreover, a series-fed 
diode has the disadvantage that the zero control 
needs readjusting for every change of signal-source 
impedance. The reason for these zero changes is 
worth considering in some detail because it also 
causes changes in zero on operating the range switch. 
If there is a conducting circuit between the anode 
and cathode of a diode, the anode takes up a negative 
potential with respect to the cathode even in the 
































given by 
ga’ r= §m ac.o—f4f— 
1+ gokx ba) 
where gm = mutual conduc- 
tance without feedback and p¢o9——4 
R« = cathode resistor. 
From this * 
ead gm — gm Dy 
§mEm | ' 
Substituting gm = 7 mA/V 
and gc = 1 mA/V 5 \ me 
! 
6 x 1000 
Ry = ————— = 860 2 | 
7 1 
_This value of cathode resistor st 
gives greater than optimum 
grid bias, but experiments £O- 
showed that the relationship 
between the anode current 
and grid potential was linear ©1O— 
for grid inputs up to 1 volt Fig. 2. Full circuit diagram of the valve voltmeter 
negative and no additional 
circuit complications were so b 
considered necessary to adjust 
the grid bias. Cl 0.01 pF Rt 10MQ R6 5MQ Rit 82Q RI6 1002 
H.T. is supplied from C2 0.01 uF R2 2MQ R7 IKQ R12 18Q RI7 6802 
the miniature mains trans- C3 0.001 uF R3 375KQ >+1% R8 8200 RI3 2002 RI8 12Q 
f preted f hich C4 8uF R4 75KQ RI 10Q Rl4 1202 
ormer (details of whic RS 50KQ RIOIKQ — RIS 15KQ 
are given later) and a 
selenium rectifier. Half-wave rectification is used absence of a.c. or D.c. potentials applied to the anode 
and the only smoothing necessary is provided by an from an external source. This potential is referred 


8 #F electrolytic capacitor. Smoothing can be simple 
because of the particular meter circuit used. Due to 
feedback the anode current of V2 is directly propor- 
tional to the H.T. voltage; similarly the current in 
R13, R14 is directly proportional to the u.T. voltage. 
Thus by adjustment of R14 the potential at A can be 
made exactly equal to that at B and a precise zero 
reading can be obtained from the meter. The bridge 
is unbalanced, of course, when a signal is applied to 


to in the subsequent text as the standing bias, and 
with an anode-cathode resistance of several megohms 
is commonly as much as 0.7 volt, It can be seen 
from Fig. 3 that when the input terminals are short- 
circuited and the range switch is set to the lowest 
voltage range, the full value of this diode anode- 
cathode potential is applied to the grid of the ampli- 
fier and is registered by the meter. The reading so 
obtained is in the forward direction if the amplifier 
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is designed for positive inputs, but is a reverse read- 
ing if the amplifier is intended as here for negative 
inputs. Whatever the sense of this reading it can, of 
course, be reduced to zero by operation of the zero 
control, but if this is done and the input terminals 
are then open-circuited, the anode load impedance of 
the diode is increased and the bias applied to the 
triode falls, with the result that the meter tends to 
give a reading in the opposite sense. It is clear that 
the fraction of the standing bias applied to the 
amplifier varies with the value of D.c. resistance con- 
nected across the input terminals and thus the zero 
must be reset for every change in signal-source 
impedance. 

In the shunt-fed diode circuit the standing bias 
applied to the amplifier is independent of the resis- 
tance connected between the input terminals and 
there is no change in meter reading as the signal 
source resistance is varied. 

The series-fed circuit is sensitive to steady as well 
as to alternaling potentials. This may be an advan- 
tage in certain applications, but it is inconvenient if 
measurements are to be made of alternating signals 
at the anode of a valve; for if a series capacitor is 
inserted in one of the diode input leads to block the 
steady component, the readings obtained are in- 
accurate because the output of the diode is shared 
between the true load and the resistor shunting the 
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to Fig. 3. Series-fed 
amplifier diode detector 
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diode detector 
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input terminals. The shunt-fed circuit is better 
because the mput terminals labelled A.C.— and E in 
Fig. 4 are sensitive only to a.c. For this reason and 
also because the zero setting is independent of the 
gource resistance the shunt-fed circuit was chosen and 
is shown in Fig, 2. 

In both diode circuits the fraction of the diode 
standing bias applied to the amplifier varies with 
the setting of the voltage range switch. Thus the 
zero control must be reset every time the range 
switch is operated, particularly on switching to or 
from the lowest voltage range. If the standing bias 
is 0.7 volt, the zero error is nearly three-quarters 
of full-scale deflexion for the lowest voltage range. 
Attempts were made to obviate this difficulty by 
including in the diode circuit an additional bias to 
offset the standing bias due to the diode. Although 
this reduced zero changes it alsc reduced sensitivity 
and had adverse effects on the linearity of the instru- 
ment. This method was therefore abandoned and in- 
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stead the zero changes were prevented by alterations 
to the values of certain resistors in the backing-off 
circuit brought about by contacts on the range 
switch. The resistors R11 and R12, the values of 
which are chosen empirically, perform this function; 
both resistors are in circuit on the high voltage 
ranges, but R12 is shorted out on the 5-volt range 
and both are shorted out on the 1-volt range. 


Measurement of Steady Potentials 


Steady potentials can also be measured by a volt- 
meter employing a shunt-fed diode by connecting the 
source to the terminals marked D.C.— and E in Fig. 
2, but some care is necessary to obtain accurate read- 
ings, because the standing bias of the diode causes 
difficulties. These will be illustrated by an example. 
Suppose the D.c. source to be measured has an E.M.F. 
of less than 1 volt and a resistance of several 
megohms. Suppose also that the voltmeter range 
switch has been set to 1 volt and that the zero has 
been adjusted with no connexions to any of the input 
terminals. In these circumstances the full standing 
bias of the diode is applied to the grid of V2. When 
the D.c. source is connected between the D.C.— and 
E terminals two effects occur: firstly, the diode load 
is effectively reduced, causing a drop in standing bias 
which, in the absence of the second effect, would be 
registered by the meter as a reverse reading; secondly, 
the E.M.F. of the source biases the grid of V2 nega- 
tively and the meter gives a corresponding reading 
which offsets the reading due to the first effect. Thus 
the reading obtained is low, perhaps even negative, 
and cannot be corrected because the magnitude of 
the first effect is unknown. 

Accurate readings can, however, be obtained, if, 
before the D.c. source is applied, the zero control is 
set with the D.C.— and E terminals joined by a resis- 
tance equal to that of the source to be measured. 
The deflexion obtained when this passive resistance is 
removed should be ignored, and the reading obtained 
when the source is connected is then accurate. Thus 
the procedure to be adopted in measuring a D.c. 
source is as follows: 


1. Set the range switch suitably. 


2. If possible, remove the £.M.F. from the source 
to be measured, but leaving the internal resistance 
unaltered, and connect the source between D.C. — 
and 


8. Set the zero of the valve voltmeter. 


4. Restore the E.M.F. and note the valve volt- 
meter reading. 


If the range switch of the valve voltmeter is changed, 
the above sequence of operations must be repeated. 
If the source is of very low resistance, say, less than 
100,000 ohms, results will be reasonably accurate 
if the D.C. and E terminals are short-circuited 
while the zero is set. The above precautions are 
necessary only when the source resistance is not 
negligible compared with the diode load (12.5 M®). 

R14 must have sufficient range to bring the meter 
deflexion to zero with full standing bias or with 
zero volts applied to the grid of V2. To meet this 
requirement R14 must not be less than 120 2, the 
value quoted in Fig. 2; it should not be greater, 
otherwise it becomes difficult to set the zero with 
precision, 
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Procedure on Switching On 


The decision to use the shunt-fed diode neces- 
sitates that the EF50 grid is driven negative during 
measurements. Negative inputs are preferable to 
positive ones for the following reason. The bleeder 
circuit takes its normal current immediately the 
mains switch S1 is closed, but V2 takes about 25 
seconds to warm up, and until the anode current of 
V2 has reached its full value, an excessive current 
flows through the meter circuit. This current might 
damage the meter, and precautions must be taken 
to prevent this. The simplest protective device is 
an on-off switch ($2 in Fig. 2) which is manually 
operated to short-circuit the meter during the warm- 
ing-up period, but this simple circuit has the dis- 
advantage that there is no means of telling when it 
is safe to open $2. The method can be improved, 
however, by including a low-value resistor R9 in 
series with S2. If R9 is made about one-tenth the 
meter resistance, the meter gives about half-scale 
deflexion immediately after switching on and the 
reading falls as V2 warms up. When the reading 
reaches zero, the anode current of V2 is normal and 
S2 may be opened. The meter now gives visual 
indication when S2 should be opened and that the 
instrument is ready for use. Thus the procedure for 
switching on is first to close S2, then $1. When the 
meter deflexion falls to zero, open S2, select the 
desired range and adjust the zero. The instrument 
is then ready for use. 


This rear view of the chassis shows the compact layout of the 
components 





Mains : 
Transformer 
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The values of all resistors and capacitors are given 
under Fig. 2. The resistors forming the diode load must 
be accurate and a tolerance of + 1 per cent is advis- 
able. The 75 K°2 component was made up of 50 K& 
and 25 K®2 in series, and the 375 K2 of 1.5 M& and 
0.5 M2 in parallel. To minimise capacitance in the 
diode load the 10 K2 component is composed of four 
approximately equal resistors in series. The 15 K2 
resistor in the bleed circuit dissipates over 2 watts 
and should preferably be given plenty of surface 
area (e.g., by using three 5 K® 1 watt components 
in series) and good ventilation to ensure rapid 
stabilisation of zero setting after switching on. 


In the instrument illustrated, which is 6 in. high, 
44 in. wide and 5} in. deep, the diode and associated 
components are mounted behind the front panel 
close to the input terminals. With this type of con- 
struction the readings of the voltmeter are accurate 
up to several Mc/s., but by mounting the diode and 
associated capacitor in a probe, the upper frequency 
limit can be raised to 40 or 50 Mc/s. 


The values of R11 and R12 are obiained empiri- 
cally in the following way. R11 is replaced by a 
variable resistor of, say, 100-ohms value, the instru- 
ment is switched on and left on the 1-volt range 
with no input signal until there is no longer any 
change in meter reading. The variable resistor is 
then adjusted until there is no change in meter 
reading on switching from the 1-volt to the 5-volt 
range. The potentiometer is replaced by a 
fixed resistor of the same value. R12 is then re- 
placed by the potentiometer which is adjusted until 
there is no change in meter reading on operating 
the range switch from the 5-volt to the 25-volt range, 
after which the potentiometer should be again re- 
placed by a fixed resistor of equal value. It must 
be emphasised that the values of R11 and R12 
should be determined only when the meter reading 
has finally settled down. The values of R11 and 
R12 will probably need adjusting if V1 or V2 is 
changed. 


Sensitivity Checking 


To check the sensitivity of the instrument a source 
of alternating voltages of 1-volt peak is provided by 
R16 and R17 connected in series and across the t.T. 
winding of the mains transformer. The values of 
R16 and R17 must be selected to give a 1-volt peak 
signal; in the instrument illustrated this voltage 
was obtained by resistors with nominal values of 
100 2 and 680 2 respectively. The junction of R16 
and R17 is brought out to a terminal labelled CAL 
on the front panel. A link on the A.C. input termi- 
nal can be swung round so as to connect with the 
E terminal for zero setting or with the CAL termi- 
nal for sensitivity checking. (When this check is 
made, full-scale deflexion should be obtained on 
the 1-volt range and 20 per cent of full scale on the 
5-volt range, but if these readings are not obtained 
the mains voltage should be measured before any 
adjustments are made to the “ calibrate ” control. 


The mains transformer is a midget component 
measuring 23 in. by 2 in. by 13 in. wound on a 
stalloy core of 1 sq. in. cross section and delivering 
200 volts at about 20 mA and 6.3 volts at 0.6-amps. 
A suitable component is the type 653 obtainable 
from Stern’s Radio, Fleet Street, London, E.C.4. 
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The Design of R.C. Oscillator Phase 
Shifting Networks 


By W. R. HINTON, A.M.I.E.E., Member I.R.E. 


| enamide correspondence’ on the subject of R.C. 
oscillators has certainly shown the need for 
reliable design formule, and what is probably more 
important, for a demonstration of the most suitable 
mathematical tool for the job. Formule have 
already been published which, apart from including 
computational errors,”* neglect to take into account 
the effect of the internal impedance of the driving 
circuits. In addition to this, enormous discrepan- 
cies’ have been reported between the calculated 
frequency of oscillation and the measured value, and 
this is unfortunate as it is liable to give the impres- 
sion that theoretical analysis is hardly worth while 
and thus encourage poor engineering practice of 
trial-and-error methods. 

Trial-and-error methods are not to be despised 
where the mathematics is prohibitively difficult, but 
this is not so in the case of R-C. oscillators and it 
is the experience of the author that there is no 
difficulty in obtaining an actual frequency within 
a few parts per cent from the calculated value. If 
a serious discrepancy occurs between a predicted 
result and the actual one, in any problem, either 
some feature has been overlooked in the analysis or 
a mistake has been made in observation or computa- 
tion. This implies that the mathematical tool should 
be capable of handling the complete system so as 
to give the general case, then known and justified 
approximations may be made for any particular case. 

Fortunately the mathematics for the R-C. oscil- 
lator analysis is particularly simple provided the 
correct approach is made, and this is to regard the 
oscillator as a chain of four-terminal networks where 
each network is described by its linear parameters. 
This method is introduced by Starr’ (pp. 168 and 
183), but does not seem to be widely used, possibly 
because the parameters themselves have not been 
appreciated as most descriptive and useful constants. 

Briefly, for any linear four-terminal network we 
can write the sent voltage and current in terms of 
the received voltage and current by the pair of 
equations : 


Vs = auVr + aul \ 
‘aie % aula f Parasis'e saa diaisietstes voit (1) 


where au, av, da and az are known as the linear 
parameters of the network. (The suffixes are read 
as *‘ one one,’’ “‘ one two,”’ etc., for a reason which 
will be seen later.) 

Notice that: au = Vs/Vr when Ir = 0, that is, 
an is the voltage ratio when the receiving end is 
open circuited. Likewise: au = Is /Vx when In = 0, 
i.e., on open circuit; a» = Vs/Ie when Ve= 0, that 
is, when the receiving end is short circuited, and: 
az = Is/I when Vr= 0, i.e., on short circuit. 

In practice these parameters are written down by 


inspection of the open-circuited and short-circuited 
conditions. 

Of these parameters an and ax are the most useful 
in the discussion of oscillators since au gives the 
voltage ratio and phase shift introduced by the net- 
work, therefore the condition for oscillation is that 
the au parameter for the whole of the network 
external to the amplifier valve shall have a negative 
real part and a zero imaginary part. The gain 
required to maintain oscillation is then numerically 
equal to the real part of au and the significance of 
the minus sign is that voltage received from the net- 
work is 180° out of phase with that sent into the 
network. 

Now notice that: 


au/ an = Vs/Is = Zin when Ir = 0 


This means that parameter ax is indirectly required 
for the calculation of input impedance. 

(A word of warning is necessary at this stage to 
emphasise that Zin is the impedance looking in to 
the network when it is open circuited at the receiving 
end and therefore this is invalid as soon as the net- 
work is terminated in any finite impedance. If a 
termination is encountered, this must be added to 
the transmission chain as a further four-terminal 
network and the overall parameters then calculated 
by a method to be described later.) 

Obviously there is a limit to the complexity of the 
network for which the parameters can be written 
down by inspection, so it becomes necessary to break 
the transmission chain down into a number of simple 
four-terminal networks and to find a method for cal- 
culating the overall parameters. 

A chain of two four-terminal networks is shown 
in Fig. 1 where the first is described by the pair of 
equations (1), and the second by: 

Vs’ = buVR’ + burl’ 
6 ee Biers (2) 
Is’ = buVr’ + bale’ f 
Notice that the sending end voltage and current for 
network ‘“‘ b”’ ee to the received voltage 


and current of network “‘ a,’”’ therefore Vs’ = Vr and 
Is’ = I’ and fore irre Mg these values in (1) gives: 
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Fig. |. Two Four-terminal networks in Tandem 
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Ts = (anbu + azbu)V 2’ + (anby + axbx)I p’ 
The quantities in the parentheses are the linear para- 
meters of the combined networks, and this process 
can be repeated indefinitely. 

The rule for combining networks can be seen more 
clearly if the parameters are extracted from the 


equations in blocks, or arrays; for example, write 
99 


Vs = (aubu + daub) VR’ + (aube 7 oes (3) 


the pair of equations (1) for network ‘‘a”’ as: 
Vs \| andi Vr || 
- ig, Nene (4) 
Is anazx | Ir |] 


























where it is understood that the x sign means that 
(4) is expanded into the more familiar pair of 
equations (1) by expanding each row of the first 
array into the columns of the second array. 

Notice that an array by itself is absolutely 
meaningless, but that the association of arrays con- 
nected by the x sign has the meaning, by definition, 
that (4) represents the pair of equations (1). 
(Double vertical lines are used to enclose the arrays 
to prevent confusion with determinants.) 

The ‘‘ b ”’ network can be represented by a similar 

| bubn» Vy’ 


array: 

Vs’ | 

re | ea PY ceo map aanaD 
But since Vs’ = Vnand Is’ = Ig we can substitute 
the pair of arrays (5) in (4) thus: 
Vs | audi . | bubw || Vr’|| 
\Is babe iH eg 


This must correspond to equations (3) which can, 
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from the above definition, be represented by: 





























Vs || {aubu + aezbu) (aube + axzbz)|| | Ve'| 
ils {anbu + az2b21) (anbis + az2b2) Ip’ | 
Therefore : 
audi2 || bssbus || | (anbu + ab) (aube + aizb22) | 
x |] || = 
2022 Il babe: | (abu + dzzbn) (a2bi2 + az2b2) 














(6) 
which is a convenient way of stating the rule for 
calculating the parameters of combined networks. 

Notice that in presenting the rule in this way the 
order of writing down the arrays is important, the 
‘‘a’’ network is nearer the source of energy than 
the ‘‘b”’ and the direction of transmission is from 
left to right by convention. This means that the 
arrays of parameters representing the networks must 
occupy the same relative positions as the networks 
themselves, and this is particularly important when 
making substitutions, therefore in general : 

lax |oll A Lou x tall 
In other words, the performance of a chain of net- 
works ‘‘ a” and ‘‘ b ”’ in that order from the source 
of energy is not necessarily the same when the net- 
works are interchanged. 

In a long chain of networks the calculations can 
be made by pairing off any adjacent arrays, but the 
relative positions must be maintained, just as a 
physical transmission chain can be boxed up into 
successively larger units provided the correct 
sequence of connexion is maintained. This pairing 
is continued, by application of rule (6), until four 
parameters remain and these are then interpreted 
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Fig. 3. Resistance — Capacitance Oscillator 


by putting them back in the definition equation (1). 

Now the reason for the suffix notation can be 
appreciated, for example: 

au is the parameter in the first row and first 
column of the array 
az is that in the first row, second column 
az is that in the second row, first column 
az is that in the second row, second column 
and this notation is universally used. 

An enormous amount of useful work can be done 
with rule (6) and definition (1), using a little common 
sense with regard to the relative positions of the 
networks (arrays), and the reader should attempt 
the derivation of the sample arrays shown in Fig. 2 
and practise combining them by rule (6). In 
calculating parameters, it is a useful check that the 
determinant of the array of a passive network is 
always unity: 


Lt Vp Ss 
(+ ya) s| 4 








Y 1 
In other words, only three of the four parameters are 
independent. Another valuable check is that au and 
az are pure numbers (ratios), also az has the dimen- 
sions of impedance and ax of admittance. 

There are two main advantages of this linear para- 
meter technique of dealing with four-terminal net- 
works, firstly the great economy of labour, especi- 
ally since in many cases only one of the final para- 
meters is required (for example, au in the case of 
oscillator analysis). Secondly, the method is parti- 
cularly suitable for successions of dissimilar networks 
and can therefore analyse the effects of valves and 
coupling circuits in an R-C. oscillator chain. 

The reader should be wary of possible error in 
approach to this problem. Suppose, for example, 
the oscillator comprises an amplifier followed by a 
phase-shifting network, and the phase shift in the 
oscillator requires to be calculated. In this case the 
phase shift must be that of the amplifier when it is 
loaded by the phase-shifting network, therefore it 
is necessary first to calculate the input impedance 
of the phase-shifting network and add this shunt 
impedance as a four-terminal network across the 
amplifier terminals. The au parameter of the com- 
bined network gives the aealliae voltage ratio and 


the phase shift on load. (The input impedance is 
calculated by dividing the aun parameter by an as 
explained above.) 

As an example of this technique of analysis, con- 
sider Butler’s oscillator’ which is redrawn as shown 
in Fig. 8, with the parameter arrays below their 
respective networks, calculated for the alleged fre- 
quency of 250 c/s. 

In this case the shunting effect of the phase- 
shifting network on the ampliliier is negligible, so 
the au parameter of the amplifier alone will also be 
its voltage ratio and phase shift on load, for all 
practical purposes. (In actual fact the shunting 
effect of the phase-shifting network causes an 
additional phase shift in the amplifier of about 2°, 
but this has been ignored in the following notes.) 

By inspection of Fig. 3, the au parameter of the 
phase-shifting network shows that at 250 c/s. there 
is a voltage ratio of 85.6 to 1, with a phase shift of 
233°, whereas the au parameter of the amplifier shows 
that the available gain is 18.3 with a phase shift of 
1° 839’ at 250 c/s. Therefore the circuit given could 
not possibly maintain oscillations at 250 c/s. as the 
phase of feed-back is incorrect by about 53°, and 
about four-and-a-half times the gain would be 
required. 

It is very significant that the available gain of 
18.3 is almost exactly the right amount to maintain 
oscillations at the theoretically correct frequency of 
127 c/s., when the phase-shifting network has a 
voltage ratio of 18.4 (Fig. 4) and the correct phase 
shift of 180°. This rather suggests that an error was 

made in observing the “ actual” frequency reported 
by Butler, due to being misled by a factor of 2 in 
the design formula. 

Butler suggests valve inter-electrode capacitance 
as a possible cause of the discrepancy between cal- 
culated and measured frequency, but at 250 c/s. 
the phase shift due to this amounts to something 
in the order of 0° 6 for valve V1 and about 0° 27’ 
for V2 with their associated input circuits. His 
other suggestion regarding coupling capacitors has 
already been included in the calculation of amplifier 
phase shift, 1° 39’, above. 


Since these suggestions do not explain the dis- 
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crepancy, the writer has taken the liberty of 
examining other ways in which a frequency of 
250 c/s. could be generated. 

For example, consider a cathode follower input 
impedance of Rx as an additional four-terminal net- 
work as shown in Fig. 3. Calculation shows that 
Rx would have to be 0.46 megohms to cause the 
imaginary part of au of the combined networks to 
be zero at 250 c/s., but also that the amplifier gain 
would then have to be 242 to maintain oscillations; 
therefore this cannot be the explanation. 


Next the possibility of error in the phase-shifting 
network resistors was considered, but it was found 
that the only reasonable possibility was that the first 
series resistor in the network might be 30 kilo-ohms 
instead of 3 megohms, due to an error in colour code 
marking. 

In this case the imaginary part of au is zero at 
about 250 c/s., but the gain would have to be 27. 
Since the gain is controlled by a lamp in the cathode 
connexion of V1, this is a possibility as the resistor 
may not be stable and a value of 300 ohms would 
result in the required gain of 27. 

Poor insulation resistance of the phase-shifting 
network capacitors could result in the required 180° 
phase shift at 250 c/s., but this would have to be 
as low as 5.4 megohms across each capacitor and 
the required gain would then be 116, so this is not 
a likely explanation. 

Finally, the effect of imperfect decoupling of the 
screen grid circuit’ was examined, but the phase shift 
due to this cause, at 250 c/s., amounts to something 
in the order of 0° 4’, and can therefore be ignored. 


This critical analysis suggests that in the absence 
of some effect which may have been overlooked, the 
most probable explanation of the reported dis- 
crepancy is that an error was made in observing the 
frequency, and that the oscillator was actually 
operating at, say, 125 c/s. and not 250 c/s. This 
error would be extremely easy to make with a com- 
plicated Lissajous figure, especially if one were 
expecting 250 c/s. because of an error in the design 
formula. 


A list of carefully checked design formule is given 
in Fig. 4, and obviously either ‘‘ C ’’ or “‘ C1 ”’ could 
be made the variable or one could make C = C1 and 
gang all the capacitors together. The general for- 
mulz are given at the foot of the diagram showing 
constants and coefficients ‘‘ A ”’ to “‘ Z”’ and a to 2, 
which vary for each network. .These constants and 
coefficients are listed opposite their respective cir- 
cuits, in the same relative position as they appear 
in the general equation, and parentheses are provided 
to assist their recognition. For example, for the first 
network in Fig. 4 the frequency is given by: 


1 
I= orRC1V(5+2R./ RC) C1 + (1+ 2R-/ R)(C) Cy 


and the amplification required to maintain oscilla- 
tions is given by: 
Pp = (10+ 4Ro/ R)C1/C+ (164+12R./R+2(Ro/ RY’) 
+ (8+7Ro/R+2(Ro/R))C/C1 


(Care should -be taken to notice and include the 
index ‘‘ Z.’’) 
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Since the ratio of internal resistance of the source 
of energy, to the network resistance, is involved, the 
calculation of network resistance for a given fre- 
quency must be done by iteration.” For example, 
first calculate the value of ‘“R” for a given fre- 
quency ignoring the internal resistance of the source. 
(Put R. = zero in the formula.) 


Now put this calculated value of ‘‘R”’ in the right- 
hand side of the equation which includes the effect 
of Ro and calculate a new value for “ R.’’ Put this 
new value in the right-hand side and re-calculate 
‘“R” and so on. This process is known as 
‘iteration’ and is continued until the required 
precision is obtained. 


The choice of a CR versus an RC network is largely 
a matter of personal preference. The former 
eliminates the need for precautions to prevent 
positive bias reaching the grid but, on the other hand, 
the RC network allows one terminal of each capacitor 
to be earthed. 

The choice of the number of sections depends on 
the amplifier gain available and the use of more 
than three sections is seldom justified. There is also 
little to choose between the RC and CR sections from 
the point of view of harmonic distortion, as the 
necessary purity of waveform can be obtained with 
either kind of oscillator by careful design. 

In conclusion, the author hopes that the reader 
will try the derivation of parameters from the short 
and open circuit conditions of simple four-terminal 
networks for himself, and carry out one or two com- 
binations by rule (6). The effort is really worth 
while as it gives more meaning to the otherwise 
strange symbols and notation, and nothing but a 
personal attempt will convince the reader of the 
simplicity of elementary matrix algebra, as this is 
what the rules of manipulating arrays of symbols 
is called. Most advanced mathematical tools are 
aimed at simplifying the work of calculation and 
prediction, and here we have seen the matrices hand- 
ling two equations at a time, dealing with the co- 
efficients only, with a note of their conventional 
relation with the independent variables represented 
by the x sign between the matrices (arrays). 

The author wishes to acknowledge the permission 
of the chief scientist of the Ministry of Supply to 
publish this article, and to record appreciation of 
Mr. T. C. Skipper, B.Sc.(Tech), A.M.I.E.E., who 
gave so freely his knowledge of this and other 
subjects. 
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The Synthesis of Quartz 


HE extensive use of specific 

cuts of quartz crystal to act as 
oscillator plates for the control of 
radio frequencies aroused consider- 
able interest in the possibility of 
growing the synthetic material. 
Since quartz is the term used to 
describe a certain crystallographic 
form of silica, the problem is basi- 
cally one of making silica molecules 
crystallise into the required pattern 
from a solution. Where an aqueous 
solution is used, it is found that the 
required quartz is far less soluble 
at very high pressures and elevated 
temperatures than such amorphous 
forms of silica as silica glass. The 
essence of this hydrothermal method 
is, therefore, to surround a chosen 
seed crystal of quartz with an 
aqueous solution of silica, molecules 
of which will then be deposited on 
the seed crystal when the tempera- 
ture and pressure have reached the 
right level. 


Pioneer work in this field was 
carried out by Spezia’ in Italy at 
about the beginning of this century. 
He used a bigh pressure container 
filled with a solution of sodium 
meta-silicate, and sodium chloride. 
This solution was replenished from 
lumps of crystalline quartz situated 
at the upper, hotter part of the con- 
tainer, while the seed crystal was 
placed near the bottom. Under 
these conditions, the temperature of 
growth was a little below 300° C. 


When, in 1942, attempts were 
made to overcome the war-time 
shortage and expense of natural 
quartz obtainable from Brazil, the 
experiments of Spezia and subse- 
quent workers appeared to show 
that methods employing aqueous 
solutions offered good chances of 
success. It was found that silica 
glass can be used to replenish the 
Spezia solution in place of the 
crystalline quartz used by the early 
workers. The solubility of the 
vitreous silica obtained from the 
glass is much higher than that of 
silica in the crystalline form, so 
that a growth cycle will take place 
at an even temperature. This iso- 
thermal method’ is being developed 
at the Research Laboratories of 
The General Electric Company, 
Limited and is essentially one in 
which silica glass dissolves in the 
aqueous Spezia solution while quartz 


is being deposited on the seed 
crystal. 

The process is carried out in a 
heavy steel container or bomb 
(Figure 1), capable of withstanding 
pressures of a thousand or more 
atmospheres at temperatures in the 
range of 350-400° C. The most 
important feature in its construc- 
tion is the sealing of the joint be- 
tween the lid and the main body of 
the container. A mild steel lens 
ring is used, having spherically 
ground surfaces which make line 
contacts with the conically turned 
surfaces on the lid and the flange 
of the bomb. Even loading of the 
lens ring is ensured by bolting the 
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Fig. |. SOOML. bomb for synthesising cryst- 


alline quartz 


lid on to the flange of the bomb at 
several places round its periphery. 
A special heat resistant steel is used 
to ensure that the nuts and bolts do 
not stretch excessively in the fur- 
nace, thus breaking the seal. 


Fig. 2. Stages of 

growth of acrystal 

onto a spherical 
seed 


When such an autoclave has been 
used for two or three growth cycles, 
each of about eighteen hours’ 
duration, the interior walls become 
covered with a heavy coating of 
polycrystalline quartz. The presence 
of this coating appears to be essen- 
tial to the process. 


The most critical features of the 
process are the composition of the 
solution, freedom from contamina- 
tion (especially from exposed steel 
surfaces) and pretreatment of the 
seed. The pressure is controlled by 
the degree of filling and the tem- 
perature, the latter being normally 
kept below the critical point of 
water, about 375° C. The silica glass 
necessary to replenish the solution 
may be in rod form, when it is 
usually suspended above the seed 
crystal, or in the form of broken 
lumps, in which case it rests on the 
bottom of the autoclave. ither 
silver or copper wire may be used 
for suspending the seed crystal, and 
a copper disk is attached to the 
underside of the lid so that only the 
minimum of steel surface is exposed 
to the contents of the autoclave. 


A typical solution used contains 
sodium metasilicate at a concentra- 
tion of 50 grams per litre, together 
with a mineralising substance. The 
latter usually consists of such salts 
as the sodium or potassium acid 
fluorides and its function is to im- 
prove the crystalline perfection of 
the deposited quartz. Although it 
is difficult to investigate the actual 
chemistry of the growth cycle it is 
known that alkaline silico-Auorides 
are produced. It seems likely, 
therefore, that the mineraliser takes 
part in some intermediate chemical 
reaction in the process. 


In order to find the most suitable 
crystal cut for the seed, experi- 
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ments were carried out in which 
quartz was deposited on spkeres of 
the natural material. It was found 
that the resultant crystal had pyra- 
midal terminations at both ends of 
a barrel-shaped prism (Figure 2). 
Further work supported the con- 
clusion that rectangular plates cut 
parallel to the rhombohedral faces, 
known as R-plates, would be most 
satisfactory as seed crystals. Such 
plates may be cut from previously 
manufactured material or from a 
natural crystal. 

The synthetic quartz layer is built 
up in successive growing cycles of 
18 hours each, the autoclave being 
recharged with raw materials after 
2ach cycle. The temperature is 
raised to 360° C. over a period of 5 
hours and is then kept constant for 
a further 183 hours before cooling. 
About five successive growth pro- 
cesses are necessary to produce : 
synthetic crystal large enough for 
the manufacture of oscillator plates. 
Figure 38 shows some of the 
earlier synthetic quartz specimens 
obtained. The top row illustrates 
a sequence in which an entirely 
synthetic slice is obtained by suc- 
cessive depositions of good quality 
quartz on a seed crystal, while the 
bottom row shows some_ typical 
ways in which the process may fail 
under unsuitable conditions. 

In particular, if the synthetic 
layer is deposited too quickly, its 
crystalline quality is appreciably 
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Fig’ 4. Two 8Mc/s synthetic crystal units 
using different cuts 


lowered and a loss in activity of the 
finished oscillator unit results. 
Various X-ray methods’ can be used 
to examine the crystalline texture 
of the synthetic quartz layer. The 
presence of mechanical faults or in- 
clusions, such as bubbles, can be 
discovered by visual or microscopic 
inspection. This part of the exami- 
nation is extremely important since 
quartz which is otherwise of a high 
crystalline quality may be useless 
for oscillator purposes owing to a 
single very slight flaw. 


In 1945, the first synthetic quartz 


Fig.3. Synthetic 

Quartz Specimens : 

(a) Seed crystal 

(b) Good quality 
growth 

(c) Entirely ootdieile 

slice. 

Faulty growths 
are illustrated at (d) 
(polycrystalline) (e) 
(cracked) and (f) 
(heavy growth with 
flaws) 


19 


oscillator plate was made at the 
G.E.C. Research Laboratories, but 
its performance was found to be 
poor. Since that time, the eifects. 
of the many variables in the iso- 
thermal process have been investi- 
gated during the course of several 
hundred experiments. As a result, it 
is now possible to produce synthetic 
quartz giving certain cuts of oscilla- 
tor plates, which are of the same 
standard as those made from natural 
quartz. Figure 4 shows’ two 
8 Mc/s. crystal units using different 
crystal cuts, both made _ entirely 
from synthetic quartz. 

This ability to grow quartz crys- 
tals, satisfactory for oscillator 
plates, on a laboratory scale is itself 
an achievement, while the knowledge 
of the fundamentals of crystal 
growth which has been gained 
during these researches may lead to 
even greater developments in the 
future. 
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SUTTON COLDFIELD 
TELEVISOR BOOKLET 


ERRATA 


The following ccrrections will be 
incorporated in the second edition of 
the Midland Televisor booklet : 

Page 26 Fig. 8: Delete second eo of caption. 

» 30 Upper part of Fig. 9 (c): The top 

row of coil mounting positions are 
drawn rather too high, although the 


measurement shown (1#”) is 
correct. 
o Te _ , (a): ‘“*L8"’ should read 


*“Bbi2 
oo 30 Fi. 12: haut BR40. 
» 39 Fig. 14: Add caption, ‘ 
as for BL I, 2, 3, etc.’’ 
» 40 Upper part of Fig. 15: The drilling 
measurement for BLI6 should be 
1A” 


‘ Wire gauge 


» 47 Tolerance of BR5I should be 10. 

» 50 After sixth line add ‘*A.M.C. 
(saddle type) coils are treated 
similarly ’’ 

» 50 Bottom of aeons. Substitute VI6 and 
17 for BCI6 and 17 

» 51 Fourth line from bottom: ‘'5 2BA 
bolts and nuts’ 

» S? Lise of components: After BC74 
read BC75. 

» 75 Value oF BC29, 30, 33, 34, 37, 38, 
44, 45 should read 500pF. 

» 74-6 Add ** A.M.C.”" as makers of chassis, 
screening boxes and gantries. 

» 76 Line ten from bottom: Amend to 
‘* For Haynes and A.M.C. coils ’’. 

», 77 After ninth line add “or | A.M.C. 

Scanning Coil Assembly ”’ 

Reverse top two leads feeding. into 

diagram left side of vision chassis. 

i Omit BR40 from ,sound chassis. 
ee Alter ‘‘ BR49’ at aad right of 
diagram to ‘* BR44 
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The B.B.C.’s second television transmitter was opened on December 17th. 
The photographs on these pages give a preliminary view of the transmitter 
and aerial system ; fuller technical information will be published in a 
later issue. 

Details of the Radio Relay Link between London and Birmingham were 
contained in the December issue of ‘‘ Electronic Engineering.”’ 


|. The transmitter building and the 750 foot mast. At the top 
of the mast is the wide-band aerial, consisting of two tiers of four 
vertical folded dipoles arranged in cruciform, which will radiate both 
sound and vision signals. 


2. The combined sound and vision aerial array. The array 
consists of 8 vertical folded dipoles arranged in two groups placed one 
above the other and separated by a distance of approximately one 
wavelength. The dipoles are made of galvanised steel strip and in- 
corporate 7} KW heaters to prevent ice formation in cold weather 


3. The transmitter hall. In the foreground is the vision transmitter, 
which is capable of a peak output of approximately 40 KW. Beyond is 
the sound transmitter, which has an average carrier power of 12 KW 
On the left, through the curved window, is the control room. 


4. The vision transmitter. The modulator stages are on the left 
and the radio-frequency stages on the right. 
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5. Valve cooling plant. Left, part of the water system for cooling 
the CAT2I valves in the modulated output stage of the vision trans- 
mitter. Centre, the air-blower for cooling the valves in the vision 
transmitter : the air can be circulated either round a closed system in 
order to raise its temperature quickly, or drawn in from and discharged 
outside the building. Right, the air-blower for cooling the water 
circulated through the CAT2I valve jackets. The warmed air can be 
discharged into the transmitter hall to provide space heating, or 
discharged externally. 


6. Combined control desk for the sound and vision transmitter. 


7. The vestigial sideband filter, constructed of lengths of concentric 
feeder, which is connected between the output of the vision transmitter 
and the feeder to the aerial. The filter is of the constant-resistance 
type, and comprises a high-pass and a low-pass section. The low-pass 
section (in the background) is terminated by the feeder to the aerial, 
and the high-pass section (in the foreground) by a water cooled, constant- 
resistance, absorber load (on the right of the picture). 


8. Rear view of modulated output stage. The CAT2I valves are 
above the vertical tubes, which form the anode tuning inductance. In 
front of the tubes is the output coupling coil, and below are the output 
tuning capacitors. At the bottom is the concentric feeder leading to 
the vestigial sideband filter. 
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AMBROSE FLEMING - paar 1 


By J. 


T. MacGREGOR-MORRIS, D.Sc.(Eng.) London, : 


M.I.E.E.* 


Sequence of events leading Sir Ambrose Fleming to the use of the wireless valve for radio reception 


ROM a general examination of 

Sir Ambrose Fleming’s life 
and his methods of work we now 
turn to a study of the chain of 
events which unconsciously led 
him to make those discoveries 
which proved to be such notable 
contributions to the foundations 
of electronic engineering. The 
most widely known of these is the 
practical application of the two- 
electrode valve for the rectifica- 
tion of alternating currents, and 
its use for the reception of radio 
signals. 

As we have seen, after training 
as a chemist, Fleming became 
more and more attracted to 
Physics, and in this he was 
notably influenced by Professor 
Guthrie of the Royal College of 
Science. In 1878 Professor 
Guthrie was studying experimen- 
tally the way that hot bodies lose 
electrical charges. He showed 
that the hotter the body the more 
rapidly did it lose a charge of elec- 
tricity, and also that when an 
iron ball was at a bright red heat 
and well insulated it could be 
charged with negative electricity, 
but could not for an instant retain 


a positive charge.’ It is more 
than probable that Fleming 
assisted his Professor in these 
experiments. 


In the light of more recent 
events it is interesting to note 
that here we have the embryo 
of the idea underlying the action 
of the wireless valve, but the 
world had to wait some 30 years 
before this experimental result 
was applied to the wireless field 
by Fleming. 

Hittorf and Goldstein had, i 
1885, shown the unilateral con- 
ductivity of vacuous _ spaces 
having unequally heated elec- 
trodes when the negative elec- 
trode is rendered incandescent, 
and later Elster and Geitel con- 
tributed further to the subject in 
1889. 








ad Reston Professor of Electrical Ragincer- 
ing in the University of London. 


About the same time (1884) we 
find Edison announcing his dis- 
covery of the effect in carbon fila- 
ment lamps named after him, 
and further examined by Preece 
in the following year. It is 
interesting to speculate whether 
Fleming, when he visited the 
U.S.A. in 1884 and met Edison, 
was shown the Edison effect. 

However this may be, we find 
Fleming later making quantita- 
tive measurements of the effect, 
the results being given in a paper 
published in the Proceedings of 
the Royal Society, January 9, 
1890, entitled: ‘‘ On Electric Dis- 
charge between Electrodes at 
Different Temperatures in Air 
and in High Vacua.”’ 

In his earlier papers of 1883 
and 1885 we find that his atten- 
tion is concentrated upon mole- 
cular shadows in incandescent 
lamps, but it is not until 1889 
that Fleming shows by his writ- 
ings that he is interested in, and 
has been experimenting with, the 


unilateral conductivity of the 
+ < + - 
CURRENT NO CURRENT 
Fig. 7. Incandescent lamp used to 


demonstrate the Edison effect 


space between an insulated plate 
and a hot carbon filament in a 
vacuum. 

In his Royal Society paper of 
1890 he opens with the following 
statement : 

“It has been known for some 
time that if a platinum plate or 
wire is sealed through the glass 
bulb of an ordinary carbon fila- 
ment incandescent lamp, this 
metallic plate being quite out of 


contact with the carbon conduc- 
tor, a sensitive galvanometer 
connected between this insulated 
metal plate enclosed in the 
vacuum and the external positive 
electrode of the lamp indicates a 
current of some 4 to 5 milli- 
amperes passing through it when 
the lamp is in action, but the 
same instrument when connected 
between the negative electrode 
of the lamp and the insulated 
plate indicates no sensible cur- 
rent—it is less than 0.0001 of a 
milliampere. This phenomenon 
was first observed by Mr. Edison 
in 1884, and further examined by 
Mr. W. H. Preece’ in 1885.” 
(Fig. 7). 

Then comes the following preg- 
nant statement: 

** (Section 6) When the lamp 
is actuated by an _ altecrauting 
current a continuous current is 
found flowing through a galvano- 
meter connected between the in- 
sulated plate and either terminal 
of the lamp. The direction of the 
current through the _ galvano- 
meter is such as to show that 
negative electricity is flowing 
from the plate through the gal- 
vanometer to the lamp terminal.”’ 

Further on in the same paper 
he says: 

“* We may say that a vacuous 
space bounded by two electrodes 
—one incandescent and the other 
cold—possesses a unilateral con- 
ductivity for electric discharge 
when the electrodes are within 
the distance of the mean free path 
of the projection of the molecules 
which the impressed  electro- 
motive force can detach and send 
off from the hot negative elec- 
trode.”’ 

In Section (19) he shows that 
similar effects are produced with 
an electric are when a third elec- 
trode touches the flame. In Sec- 
tion (20) he concludes that nega- 
tive electricity can pass along 
the flame-like projections of the 
are from the hot negative carbon 
to the cooler third carbon, but 
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not in an opposition direction. 

In his Royal Institution lecture 
of the same year, Fleming says: 
‘* Pass in imagination from the 
iron balls (of Guthrie’s experi- 
ment) to carbon molecules—con- 
sider a carbon molecule or small 
congerie of molecules just set free 
by the high temperature from 
the negative leg of the incandes- 
cent horse-shoe.’”? And _ later: 
‘* This action would cause a tor- 
rent of negatively charged mole- 
cules to pour across from the 
negative to the positive side of 
the carbon shoe.”’ 

To sum up, in common par- 
lance the space is just like a *‘ one 
way street ’ in which traffic is 
found to go only in one direction, 
and nowadays we know that all 
the ‘‘ vehicles ”’ are exactly alike. 
There is not a mixture of large 
and small cars and motor vans— 
all are identical in size and form, 
simply electrons, whatever they 
are. 

Thermionic Valves 

Six years later, in a paper 
entitled “‘ A Further Examina- 
tion of the Edison Effect in Glow 
Lamps ”’ read before the Physical 
Society in 1896, he sums up the 
position by saying that the plate 
can be replaced by a grid of wire 
of the same general outline with- 
out apreciably altering the effect. 

And later in the same paper: 
‘*The whole of the experiments 
seem to be capable of consistent 
interpretation if we may justifi- 
ably make the hypothesis that 
these carbon molecules or atoms 
so projected from the conductor 
when intensely heated by the 
current flowing through it are all 
negatively charged. Some of the 
observed facts seem to point to 
the conclusion that the molecules 
projected from the incandescent 
conductor, whether they are por- 
tions of the conductor or mole- 
cules of the residual gases respec- 
tively carry away negative 
charges proportional in magni- 
tude to the potential of the con- 
ductor of the point from which 
they are thrown off. 

Later on, he says, ‘‘ There is 
much to lead to the conclusion 
that from all parts of the incan- 
descent carbon conductor there is 
a constant radiation of matter 
carrying a_ negative electric 
charge.’” 

He calls this molecular electro- 
vection. 
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Now we must direct attention to 
some work which bears on an 
allied subject, i.e., that of the 
focusing of cathode rays by means 
of a magnetic field. 


Magnetic Focusing of Cathode Rays 


It is not generally known that 
Fleming was the originator of the 
use of the so-called ‘‘ focusing ”’ 
coil now employed very largely 
for the magnetic focusing of 
cathode rays _ in __ television, 
cathode-ray oscillographs and in 
electron microscopes. A note on 
the subject was published by him 
in The Electrician of January 1, 
1897. The present writer, who 
was then his assistant, was sur- 
prised that the matter was 
pushed no further. Many years 
later he discovered that the load 
Fleming was then carrying was 
at least enough for two men of 
good mental stature, and it was 
quite impossible to take on 
further work. The following 
quotations from his personal 
diary reveal this clearly. 

**1896. January-February. Gave 
four Cantor Lectures to the 
Society of Arts on “ Alternate 
Current Transformers experimen- 
tally illustrated.’”’ |My leisure 
time, chiefly in the evening, was 
occupied with the preparation of 
the New Edition of 1st Vol. of 
** Alternate Current. Trans- 
formers,” largely re-written. 

February-March. Gilchrist Lec- 
tures at Batley, and Holmfirth in 
Yorkshire, Newark, and at Leigh 
and Widnes in Lancashire. In the 
course I addressed about 10,000 
people. Subject: ‘‘ Magnets and 
Electric Currents.”’ 

February. Physical Society 
Paper with Petavel on a.c, Ares. 

March. Read paper before the 
Physical Society, “‘ Quantitative 
Measurements of the Edison 
Effect in Glow Lamps.”’ 

June. Royal Institution, Friday 
evening Discourse, Low Tem- 
perature Electrical and Magnetic 
Research. 

September. British Association. 
Working Men’s Lecture. Liver- 
pool. 

October. I lectured at Bir- 
mingham on ‘‘ The Earth a Great 
Magnet,”” and on “ Polarised 
Light.” 

Cctober-December. Greenock, 
Birkenhead, Blundellsands, Gras- 
sendale, Portsmouth, Newcastle- 
upon-Tyne, Hull, Walsall, Congle- 
ton, Westbourne Park, Wednes- 
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bury, Gloucester, Anerley and 
Norwood. In nearly all cases on 
‘The New Photography.”’ 

December. Xmas Lecture at 
the London Institution. 

1896-97. The most important 
event was the Memorial Com- 
mittee to Sir John Pender.”’ 

If one stops to imagine the work 
needed to carry out such a pro- 
gramme on the top of his regular 
duties as Professor at University 
College, one ceases to wonder that 
he went no further with the 
elucidation of the magnetic focus- 
ing experiment. 

In order to place this experi- 
ment in its right historical 
setting, however, it may be said 
that the development of the mag- 
netic focusing of cathode rays 
can be divided into two periods, 
ice., the experimental and the 
mathematical. 


The experimental era. 


Pliicker ... = ... 1858 
Gassiot .. ote ee 
Hittorff and Goldstein ... 1869 
Crookes... ‘ 3. S878 
Puluj on are ... 1890 
Fleming _... ea ... 1896 
The mathematical era. 
Busch : was» SOR7 
Knoll and Ruska ... 1981 


It is appropriate to give an 
account of the actual discovery 
of this effect as recorded in an 
article in ELecrronic ENGINEER- 
ING of June 1945. 

‘*Qne morning in December, 
1896, at the end of the term, I 
well remember Dr. Fleming 
coming with his quick step into 
his laboratory at University 
College, and after his usual 
“Good morning” he - said, 
** Morris, I want you to try out 
an experiment on the effect of an 
axial field upon the discharge in 
a vacuum tube.”’ For this pur- 
pose, he produced a Crooke’s 
tube having a Maltese cross near 
one end, and I was to use his 10- 
in. spark coil and a strong bar 
magnet about a foot long. 

The bar magnet applied 
axially at the end of the enlarged 
end of the tube was expected to 
reduce the voltage necessary to 
excite the tube, and also produce 
some changes in the shadow. 

Having got the apparatus 
working, Mr. (later Professor) 
Clinton joined me, and Dr. 
Fleming (as he was always 








24 


called by staff and students) had 
to hurry off and did not reappear 
until the late afternoon. 

Clinton and I found a slight 
effect on the voltage required to 
excite the tube, but we were 
much more interested in the effect 
produced on the Maltese cross 
shadow by the magnet. It was 
apparently most erratic, and 
seemed to require great precision 
in centring the magnet, and in 
getting it accurately aligned with 
the axis of the tube. 

Continuing the account in the 
words of Dr. Fleming’s letter to 
The Electrician (January 1, 
1897) : 

** Mr. Morris and Mr. Clinton, 
who were experimenting with it, 
finally were led to try a coil 
traversed by current, placed 


round the tube as shown in Fig. 
8, as a substitute for the magnet. 





Fig. 8. The first experimental focussin€ 
of cathode rays 


The following striking effects 
were then noticed. When the 
coil embraced that part of the 
vacuum tube between the metal 
cross and the end wall on which 
the shadow is formed, and when 
no current traversed the coil, the 
shadow of the cross was a dead- 
black shadow on an apple-green 
phosphorescent ground and was 
strictly the shadow of the cross 
defined by cathode.rays as in 
Fig. 9(a). When the embracing 
coil had a current passed through 
it, the shadow rotated clockwise 
or the reverse according to the 
direction of the coil current, and 
the arms of the shadow were a 
little distorted or twisted round 
so as to resemble Fig. 9(b), the 
leading edge of the shadow being 
rather sharper than the trailing 
edge. Moreover, the shadow was 
altogether smaller than in the 
first case. As the _ current 
through the coil was increased, 
the shadow cross twisted itself 
more round, and got still smaller 
as in Fig. 9(c); and finally as the 
coil current was still more in- 
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creased the cross shadow was 
further rotated and diminished 
until it vanished... at this 
stage the coil curreat was in- 
creased still more, and a new and 
larger cross shadow made its 
appearance. This shadow was 
not so well defined, and the back- 
ground less uniformly green; but 
it, too, as the coil current was 
still more augmented, screwed it- 
self round very slightly. This 
second shadow had its arms more 
sickle shaped than the previous 
SRE ous 

It will be noticed that at the 
time we performed the experi- 
ment, no mention was made of 
‘focusing the cathode rays,” 
but now this system is extensively 
used in connexion with all kinds 
of cathode-ray tubes to focus the 
beam sharply on the screen.” 

During the following Session, 
1897-98, work was going on in his 
laboratory with coherers and 
P.O. relays. Attempts were 
being made to obtain quantita- 
tive results of the fields around 
electrical oscillators of the Hertz 
type, but with no real success. 

Returning now to his work 
directly connected with the pro- 
duction and detection of electric 
waves, Fleming writes in his 
“* Memories ™”: ; 

“* As a pupil of Maxwell I had 
for long taken an interest in his 
theory of electro-magnetic waves, 
and in the experimental proof 
given by Hertz in Germany in 
1887 of the existence of these 
waves and their production by 
very rapid alternating electric 
currents, I had also followed very 
closely the important researches 
of Sir Oliver Lodge on the same 
subject, and had myself made 
apparatus for repeating Hertz’s 
notable experiments. 


pike) (Oe) ( 


a. b. Cc. 


Fig. 9. Pictures produced onthe end of 
the tube shown in Fig. 8. by varying the 
coil current 


Hence, when in 1896 it began to 
be known that a young Italian 
inventor had succeeded in using 
electro-magnetic waves to operate 
telegraphic apparatus over dis- 
tances of several miles without 
the use of inter-connecting wires, 
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and thus had invented a practical 
system of wireless telegraphy, 
my interest in the matter 
enormously increased.”’ 

Marconi had improved an 
instrument called a_ coherer, 
invented by Sir Oliver Lodge, 
and by a French scientist, M. 
Branly, for detecting the presence 
of electric waves, and had made 
a notable addition by the use of 
long vertical wires attached to 
high masts which radiated an: 
collected these waves. He had 
in this way produced the first 
really practical system of electric 
wave telegraphy and brought it 
to England in 1896 with an intro- 
duction to Sir W.  Preece.’’ 
Preece was then Engineer in 
Chief of the British Post Office 
Telegraphs. 


The First Transatlantic Wireless 
Transmission 


Fleming’s extraordinary suc- 
cessful lecture at Dover before 
the British Association for the 
Advancement of Science was 
entitled the ‘‘ Centenary of the 
Electric Current.” It was given 
in September, 1899 and was a 
landmark in the history of elec- 
trical engineering. Through the 
co-operation of Marconi, wire- 
less signals from Wimereux 
(Boulogne) were received on an 
aerial erected on the tower of the 
Dover Town Hall, and demon- 
strated audibly during the lecture 
in the Hall (Fig. 10). 

It was in this year that Fleming 
was appointed scientific adviser 
to the Marconi Company—a posi- 
tion which he was to hold for 30 
years. 

In passing we may note that in 
1900 he gave four Cantor Lectures 
to the Royal Society of Arts on 
“Electrical Oscillations and 
Electric Waves.”’ 

In the same year Fleming was 
entrusted by the Marconi Co. 
with the duty of specifying for 
the power plant necessary to pro- 
duce the powerful electrical oscil- 
lations deemed essential if Mar- 
coni’s project of the transmission 
across the Atlantic and the recep- 
tion of such signals were to be 
realised. The scale of the trans- 
mitting plant would have to be 
gigantic in comparison with the 
puny 10-inch spark coils and 
Leyden jars, working off a few 
cells. A 25 horsepower oil engine 
was specified by Fleming to drive 
an alternator, and he designed 
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and tested the special high volt- 
age condensers at U.C.L. for use 
with the plant. The plant was 
installed at Poldhu, Cornwall, by 
the late R. N. Vyvyan, one 
of the Marconi Company’s en- 
gineers. After many alterations, 
due to Marconi and Fleming, the 
plant was sufficiently reliable to 
do its work. In September, 1901, 
however, a great gale wrecked a 
large part of the aerial system, 
and so for the actual trials a 
smaller fan-shaped array had to 
be used. 

After Marconi and his two 
assistants had arrived at Glace 
Bay, Newfoundland, and had 
elevated their aerial by means of 
balloons, gales damaged their 
aerial, this time at the receiving 
end. However, on December 12, 
1901, they heard in earphones, 
faintly but distinctly, the pre- 
arranged signals ... ... ..., the 
letter S in the Morse code, which 
were being transmitted from 
Cornwall round one-eighth of the 
globe. 


The Birth of the Thermionic Valve 


To return to less exciting work, 
Fleming gave in 1903 further 
Cantor Lectures on Hertzian 
Wave Telegraphy. 

In 1903-4 he was continuously 
working on methods of making 
quantitative measurements for 
wireless purposes by magnetic 
and thermal methods. 

Then we find him devising 
apparatus for measuring the 
length of these electric waves— 
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Fig. Il. Some of 
Fleming’s earliest 
two-electrode valves 


the instrument being named by 
him a cymometer. Later he was 
studying the propagation of elec- 
tric waves along spiral wires. It 
will thus be seen that his mind 
was well prepared for develop- 
ments in the methods of produc- 
tion as well as those for the 
detection of electric waves. 

And now it will be best to 
resume quotations from his 
‘* Memories,’ where he gives his 
own account of his invention of 
the wireless valve. 

‘* After the success in trans- 
mitting the ‘S’ signals across 
the Atlantic Ocean, Mr. Marconi 
invented a new type of receiver 
called a magnetic receiver, based 
on a discovery by Lord Ruther- 
ford, that very rapid electric 
currents can knock the magnetic 
state out of an iron wire. 

‘“‘This magnetic detector was 
more certain in its action than 
the coherer, but it had the dis- 


Fig. 10. 
Marconi 
spark coil 
set used for 
transmission 
between N. 
Foreland and 
Wimereux, 

1899 





advantage that the signal could 
only be heard as sounds in a tele- 
phone, and could not be recorded 
on a tape. When the recording 
tape is used it is possible often 
to separate out false signals from 
alphabetic signals by a careful 
inspection subsequently. But that 
cannot be done when the signals 
are only audible sounds in a tele- 
phone. 

““In the case of submarine 
cables, William Thomson (after- 
wards Lord Kelvin) invented a 
beautiful instrument called a 
syphon recorder, which records 
on paper tape the messages in 
Morse code signals, the ‘ dot’ 
being denoted by a little jerk of 
a pen to one side, and the ‘ dash ’ 
by a jerk to the other side. But 
this instrument can only be 
worked with a direct electric 
current—that is one flowing 
always in the same direction. The 
high-frequency electric currents 
created in the receiving aerial 
wire are, however, alternating 
currents, that is, they reverse 
their direction several thousand 
or several hundred thousand 
times a second. 

‘* The problem before me then 
was to discover how to change 
this feeble electric oscillation into 
a feeble direct current which 
could work the ordinary cable 
recording instruments, There 
were known devices for rectify- 
ing, as it is called, low-frequency 
alternating currents, but nothing 
then known which would do it for 
rapid electric oscillations. 

‘Thinking over the subject 
intensely, I had in October, 1904, 
a sudden very happy thought. I 
recalled to mind my experiments 
on the ‘ Edison Effect,’ and in 
particular my observation that 
the space between an incandes- 
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cent carbon filament and a cold 
metal plate in a bulb exhausted 
of its air had a one-way conduc- 
tivity for electricity. Then I said 
to myself, ‘If that is the case 
we have here thé exact implement 
required to rectify high-frequency 
oscillations.’ I asked my assis- 
tant, Mr. G. B. Dyke, to put up 
the arrangements for creating 
feeble high-frequency currents in 
a circuit, and I took out of a cup- 
board one of my old experimental 
bulbs. (Figs. 11 and 12.) 

‘The experiment was at once 
a great success, and I found that 
I could use a mirror galvano- 
meter, which is one of the instru- 
ments Lord Kelvin invented for 
submarine cable signalling, to 
detect feeble electric oscillations 
and denote their intensity by the 
movement of a small magnetic 
needle having a little mirror 
attached to it, and from that 
mirror a ray of light was 
reflected. 

“The next day I asked the 
manager of the Edison-Swan 
Lamp Factory to make me twelve 
carbon filament lamps, the fila- 
ment of each being rendered in- 
candescent by a pressure of 
twelve volts. Round each lamp 
filament I asked for a metal 
cylinder to be fixed carried on a 
wire sealed through the glass 
bulb, and I asked that the 
vacuum in the bulb should be as 
good as possible—that is, the air 
very perfectly exhausted. 

‘* When I received these bulbs 
I made the filament incandescent 
by the current from six cells of 
a storage battery or accumulator. 
I then found that the space 
between the filament and the 
cylinder would only allow nega- 
tive electricity to pass from the 
filament to the cylinder, but not 
the other way. Henée the bulb 
acted like a valve in a pipe, which 
lets water or air only move in it 
one way. 

** Accordingly I called this in- 
strument a ‘ valve.’ At first I 
named it an oscillation valve, but 
before long it was usual to speak 
of the small particles of electri- 
city sent out from the hot surface 
as ‘ thermions,’ and accordingly I 
called it a ‘thermionic valve.’ 
This name has been very widely 
adopted, although it is often 
called a ‘ Fleming valve.’ 

““My valve had the great 
advantage that it could not be 
injured or set out of action by 
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Fig. 12. Close-up view of the diode valve 
shown at the left of Fig. I! 


‘atmospherics,’ as is the case 
with the coherer. 

““OQn November 16, 1904, I 
applied for a British Patent, No. 
24,850, for this invention, and in 
due course obtained also patent 
protection in the United States 
of America, and in Germany, 
which were granted, as well as 
patents in other countries .. . 
then three years later, after the 
date of my valve patent applica- 
tion, an American electrician, Lee 
de Forest, who had been follow- 
ing my work very closely, appre- 
ciated the advantage to be gained 
. . . by making a valve in which 
a metal plate was fixed near a 
carbon filament in an exhausted 
bulb, and placed a grid between 
the plate and the filament, thus 
making the first rudimentary 
form of the so-called three-elec- 
trode valve.” 

When one attempts to sum up, 
it is abundantly clear that few 
men could have been so well 
qualified as Fleming to make that 
notable step forward which un- 
doubtedly prepared the way for 
the vast developments which were 
to follow. 

It put, for the first time, a 
reliable tool into the hands of 
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technicians, by means of which 
quantitative results of signal 
strength could be obtained, in- 
stead of spending one’s energy in 
trying to counter those exasperat- 
ingly fitful habits of the coherer. 

Later on it was only human 
that he should regret not having 
made the further invention of the 
introduction of the third electrode 
or grid, which vastly increased 
the utility of his own invention. 

Some are apt to belittle this 
step that Fleming made, by draw- 
ing attention to the fact that it 
had been known for some thirty 
years that an alternating current 
of power frequency—say of 50 to 
100 cycles per second—could be 
converted into a_ unidirectional 
current, and this being so then 
it was only “‘ common sense ’’’ to 
expect it to work as well at wire- 
less frequencies, say of 1,000,000 
cycles per second. 

In reply it may be pointed out 
that until one understands the 
underlying mechanism of the 
operation one cannot predict that 
it will operate satisfactorily at 
10,000 to 100,000 times the speed. 
One might just as well say that 
because a bicycle pump and valve 
operates well when air is being 
pumped into a tyre at one stroke 
per second, that therefore it will 
operate equally well if one could 
operate the pump at the rate of 
10,000 strokes per second. We 
know enough about the properties 
of air and rubber at these fre- 
quencies to realise that this 
would be hopelessly impossible. 

Now that we know that we are 
operating with electrons in the 
wireless valve, and that their 
velocity of travel is terrific, say 
some 20,000 miles a second, it 
may seem quite obvious that the 
wireless valve should operate 
quite easily at these high fre- 
quencies. But it is easy to be 
wise after the event. 

In concluding I must express 
my thanks to Lady Fleming for 
permission to make short extracts 
from the book entitled ‘‘Memories 
of a Scientific Life,’’ written by 
her late husband Sir Ambrose 
Fleming. 
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Telescopic Mountings 
in Electronic Equipment 


By C. H. DAVIS* 


= principle of withdrawing 
electronic equipment on extend- 
ing slides is becoming increasingly 
popular; these notes have _ been 
written to guide designers and 
others in the application of such 
devices. These mountings offer the 
most convenient way of ensuring 
the complete accessibility of rack- 
mounted equipment. Each com- 
ponent unit or chassis in the rack 
is mounted on to telescopic mount- 
ings or slides, when it can be with- 
drawn completely clear of its frame- 
work for easy examination. This 
avoids the necessity of having to 
have access to the back and sides 
of the unit in its normal position 
for maintenance purposes, and 
space is therefore saved. 

Telescopic mountings overcome 
other limitations of the conventional 
draw-slide. The effort required to 
pull out a heavily-laden drawer, due 
to friction, limits its weight to 
about 50 lb. Ball-bearing teles- 
copic slides enable drawers weigh- 
ing several hundreds of pounds to 
be taken out with ease. Normally, 
drawers can only be partially with- 
drawn, and even then they are 
unstable. Complete rigidity and 
complete withdrawal can be secured 
from the use of telescopic mount- 
ings. 

* Formerly Technical Officer. Admiralty Signal & 
Radar Establishment. 


Fig. |. Equipment mounted on telescopic 

mountings can easily be withdrawn for 

maintenance. The chassis in this case is 

vertical, allowing both valves and components 
to be accessible without difficulty 





As is suggested by its name, a 
telescopic mounting consists of a 
series of sections sliding one into 
the other. There is usually :— 


1. An outer section which: is 
permanently fixed to the frame- 
work. 


2. An inner section which is 
fixed, either directly or indirectly, 
to the moving chassis or cradle. 


3. An intermediate connecting 
member, which, when opened, 
extends from the halfway posi- 
tion on the outer fixed section, to 
halfway on the moving member. 


Normally all these members are 
of the same order of length and the 
amount of extension is equal to the 
closed length. 

The original and most widely 
known application of this construc- 
tion is seen in office filing cabinets, 
although there are several reasons 
why mountings designed for this 
application are not very satisfactory 
in electronic equipment. 

Generally, filing cabinets are 
moved empty, but as electronic gear 
is normally mounted in the rack 
before leaving the manufacturers, 
transit shocks are likely to be more 
severe. It is also desirable that 
the mountings should have an 
adequate thickness of metal on the 
inner slide so that substantial means 
of fixing can be provided for the 
moving chassis, and the general 
design should be of a generous and 
robust nature. 

The sliding action between mem- 
bers can be arranged on ball bear- 
ings, wheels, or simple metal-to- 
metal slides. The use of ball bear- 
ings ensures the minimum of both 
friction and slide play, but the sec- 
tions should be so shaped as to en- 
sure that the balls are adequately 
trapped, so as to avoid the danger 
of these falling out under severe con- 
ditions of shock. In order to spread 
the load over as wide an area of the 
ball tracks as possible, groups of 
balls are to be preferred to single 
balls. Internal stops should be 
mechanically sound; substantial 
metal ones are generally satisfactory, 
Noise arising from such stops as the 
mounting is closed or opened is not 
a general objection in industrial 
application. 
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Wheels or rollers are not so suit- 
able as balls, as a greater degree of 
slide play is necessary between a 
wheel and the sides of the section 
than is the case when a ball is used. 
This results in a considerable in- 
crease of side play at the free end 
of the mounting. Moreover, the 
wheels are mounted on _ axles 
through which the whole of the 
load is transmitted. It is difficult 
to arrange for either a satisfactory 
design or fixing of the axles which 
will be adequate for this condition. 

Simple metal-to-metal slides have 
the advantage of simplicity, and 
friction can be minimised by using 
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Fig. 2. Sectional view showing the construc- 
tion of the Admiralty type mounting 


dissimilar metals, although | side 
play may be serious unless allowed 
for in the design. The use of friction 
mountings is generally limited to 
use with lighter units. 

Fig. 2 shows a sectional view o! 
the ball bearing mounting stan- 
dardised by the Admiralty. This 
uses substantial solid steel sections 
for the intermediate and inner mem- 
bers, with ball bearings. A commer- 
cial mounting of similar size and 
design is also available in which the 
inner members are made from 
pressed steel sections instead of solid 
steel. Fig. 3 indicates a smaller 
mounting originally developed for 
the Post Office and now meeting the 
requirements of numerous commer- 
cial installations where the heavier 
construction of the larger designs is 
not justified. The design is unusual 
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Fig. 3. Sectional diagram of the ‘“‘ Widney ”’ 
light duty mounting 


in that it uses balls between the 
fixed and intermediate members 
and friction between the _inter- 
mediate and inner sections. This 
combination lends itself not only to 
a compact mounting, but enables 
simple fixing arrangements to be 
made. 


Safe Loading Factors 


The load which can be safely 
applied to each mounting should be 
considered in relation to the parti- 
cular application in question. The 
length of extension, the distance be- 
tween mountings and the density 
of loading must all be taken into 
account, together with local condi- 
tions of use. 

The actual load on a runner is a 
function of both length of extension 
and weight. This is a common con- 
dition of many mechanical problems 
and it will be convenient to recall 
the elementary theoretic mechanics 
involved. The strain on a beam, or 
‘* bending moment ”’ is the product 
of the weight in pounds and the dis- 
tance in feet from the fulcrum point 
to the centre of gravity of the load. 
The resultant units are termed 
“* foot-pounds.”’ This nomenclature 
enables a heavy load. extended a 
short distance to be compared with 
a light load extended a longer dis- 
tance, and the bending moments are 
equal when W1L1 = W2L2. 

Manufacturers of telescopic mount- 
ings either specify the maximum 
foot-pounds each type will carry, or 
state a maximum load for a given 
extension. Heavier loads can be 
carried if it is possible to reduce the 
extension; alternatively, a light 
load can be extended, a greater 
length, provided in either case the 
product length x weight is not 
greater than that specified by the 
manufacturers. While considering 
this question, care should be taken 
that figures given for a pair of 
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mountings are not confused with 
those for a single mounting. If the 
load in the tray or chassis is reason- 
ably central the total bending 
moment is equally divided between 
the two mountings. If, however, 
the load is one-sided (for instance, 
if there are heavy transformers or 
chokes on the extreme side of the 
chassis) then that mounting will be 
carrying a greater proportion of the 
load than the other, 

The manufacturer’s recommended 
maximum loading is the maximum 
strain which, in use, can be expected 
and this is not necessarily merely 
the static dead weight of the equip- 
ment. The weight to be carried 
should be multiplied by a safety 
factor and this product should be 
within the carrying capacity of the 
mounting. In assessing this safety 
factor, consider (a) transport and 
(b) local conditions of use. 

(a) Transit conditions. If the gear 
is to be assembled on its mountings 
before leaving the factory, thought 
must be given to the amount of 
shock. to be expected in handling. 
A severe jolt may cause damage to 
heavily loaded mountings owing to 
the heavy mass of equipment. It is 
possible to avoid this danger by 
fitting special transit screws so as to 
secure the load directly to the frame- 
work. 

(b) Local conditions of use. Con- 
sider the application of the equip- 
ment and the conditions that will be 
met on the site. For instance, con- 
ditions at sea are obviously more 
severe than on land. Wartime con- 


Fig. 4. A simple method of attaching the 
chassis to the mountings. Note the provision 
of elongated holes to allow lateral adjustment. 
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Fig. 5 (a) (above). The use of pivots near the 
centre of gravity allows the chassis to be tilted 
for easy inspection 


Fig. 5 (b) (below). Inspection is obtained in 
this arrangement by hinges which can be 
placed at the back of the chassis 


ditions, with the ever present danger 
of explosions were even more drastic. 
Expected frequency of use should be 
considered. Mountings seldom used 
may be loaded more heavily than 
those in frequent use. Consider also 
the type of personnel who will be 
expected to withdraw the equip- 
ment. It has been known for 
drawers to be pulled out and stood 
on in order to reach a shelf above 
the panel! 


Method of Mounting 


Fig. 4 illustrates a typical method 
of attaching a tray to its cabinet 
with telescopic mountings. The 
outer section is fixed through the 
brackets by means of screws, to the 
cabinet framework. The drawer or 
tray is held at the back by screws 
passing through the tray into a 
block on the mounting, and at the 
front by a screw passing through the 
panel into the tapped hole in the 
front of the mounting. Precautions 
must be taken to ensure that dimen- 
sional tolerances in either tray or 
framework do not cause side strain 
on the mountings. The simplest’ way 
of arranging this in the present 
example is to provide elongated 
holes in both the panel and the back 
of the tray. Alternatively, align- 
ment of the slides can be achieved 
by inserting packing shims between 
the framework and the mounting. 

Accurate alignment in this manner 
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Fig. 6 (a) (top left). Double chassis assembly, 
withdrawn on its mountings, enables access to 
be made to the top of the upper unit 


Fig. 6 (b) (lower left), The double chassis, 
swung on the mounting links, exposing the 
bottom of the lower unit 


Fig.'6'(c) (above). Thedouble chassis split open 
and giving simultaneous access to both 
interiors 








is essential where the two mountings 
are on the same level. More latitude 
can be gained by fixing one mount- 
ing towards the bottom of the 
chassis and the other towards the 
top. This allows the drawer to sit 
at a slight angle if the frame and 
chassis dimensions do not coincide. 
With reasonable manufacturing 
limits on these parts the angle of the 
panel is too small to be noticed. 

In the above arrangements the 
tray remains horizontal when with- 
drawn, and access to the underside 
for maintenance is only possible by 
physical contortions. It is therefore 
best restricted to power packs and 
other cases where the bulk of the 
components is mounted on the top 
of the chassis, and one of the three 
following suggestions should be con- 
sidered as a solution to the question 
of accessability of the chassis 
interior : 

1. Incorporate hinges or pivots to 
allow the tray, when withdrawn, to 
be tilted or swung around, so as to 
bring the components into a con- 
venient position for inspection and 
replacement. 

2. Mount the conventional type of 
chassis vertically instead of horizon- 
tally. The deck of the chassis thus 
forms a screen with the valves pro- 
jecting on one side and the com- 
ponents on the other, and both are 
simultaneously accessible. 

3. Arrange for the chassis units to 
be suspended in slots on the tele- 
scopic mountings, so that the unit 


can be easily removed from the 
framework for repairs. 

Hinges can either be arranged at 
the back of the chassis or at about 
half the depth of the chassis, ideally 
on the line of centre of gravity. 
Fig. 5 shows these two arrange- 
ments in diagrammatic form. In 
both cases the open position for 
maintenance is shown in colour. 
While a central pivot is the better 
mechanical system, the connecting 
leads have to turn through a large 
are and are therefore more difficult 
to handle. Connexions are easier 
to arrange with a rear hinge, but a 
support to hold the unit in its open 
position should be provided. This 
arrangement may be improved by 
allowing over-extension in the 
mounting, so as to bring the hinge 
forward from the framework. The 
chassis can then turn a full right- 
angle into the vertical position with- 
out fouling the framework. 

In all cases a permanent cross bar 
or brace should be provided at the 
back to ensure that the two mount- 
ings move simultaneously. Without 
such a bar one mounting may move 
more quickly than the other and 
result in a twist across the hinge 
points. Catches or locking links are 
of course essential to prevent the 
unit accidentally falling. 

Mechanical balance and casy con- 
nexions can be obtained by a double 
chassis assembly with rear hinges. 
Fig. 6(a) shows the front view of 
such an assembly. The lower chassis 
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is mounted upside down, imme- 
diately below the upper unit. The 
hinges are fixed between the junc- 
tion of the two chassis at the back 
and this complete assembly is sus- 
pended on to the runner by a special 
set of links. When simply with- 
drawn, access to the top of the upper 
chassis is possible, as shown in Fig. 
6(a). When the cradle is tilted so 
as to rock back on its links, Fig. 
6(b), the underside of the lower 
chassis is revealed. When the cradle 
is split as shown in Fig. 6(c) the 
whole of the interior is accessible. 
In, this state the advantage of 
mounting the lower unit upside 
down can be appreciated, since it 
exposes the interior of both chassis 
at the same time. This arrange- 
ment is very convenient physically, 
owing to the high degree of 
balance obtained through the link 
mechanism. In addition the long 
interconnecting cables which would 
be necessary with the equivalent 
two-drawer arrangement is avoided. 
The system may appear compli- 
cated, but this is offset by making 
one pair of mountings serve two 


chassis and the simplification of 
wiring. 
This split chassis method of 


mounting was developed during the 
war by the Admiralty for radar 
panels; the photograph in Fig. 7 
shows the original design, corres- 
ponding to Fig. 6(c). This panel 
incorporated a cathode-ray tube, 
and as it was desirable to view the 
screen during maintenance, arrange- 
ments were included to allow the 
tube to be re-positioned as shown, 

Fig. 1 shows a vertically mounted 
chassis in which access to both 
valves and components is possible 
without any tilting mechanism. 
Those components on the same level 
as the mountings may not be easily 
accessible as the mountings may 
act as a barrier. In the example 
shown good use has been made of 
this space to accommodate trans- 
formers, paper capacitors and other 
bulky components which do not 
require frequent attention. 


The suggestion already made to 
position the two mountings at 
different levels to simplify align- 
ment may be coupled with the desire 
to position the mountings where 
minimum inconvenience arises. It 
may, for instance, be possible to 
place one mounting at a height on 
the valve side of the screen or 
chassis where there will be no valve, 
and to select another height on the 
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component side corresponding to a 
minimum of interference with com- 
ponents. 

A vertical chassis may be adapted 
with the runners mounted horizon- 
tally above and below the chassis. 
This is similar to the orthodox 
method of mounting, but the whole 
assembly of chassis, mountings and 
framework is turned through 90°, so 
that the width of the drawers now 
appears as the height. With this 
arrangement several units can be 
mounted next to each other, with 
the simplest of frameworks and 
minimum waste of space for con- 
structional features. Normally, 
runners are used vertically or up- 
right as shown in Fig. 4, and if they 
are used horizontally they must not 
be so heavily loaded. It is obvious 
that not only is a natural bending 
tendency of the component sections 
greater in this plane, but the balls 
are not so effectively trapped. 

In passing, it may be noted that 
the British Standard Specification 
BS1106/45 says: ‘‘It is desirable 
that valves should be mounted base 
down and with the axis vertical.’’ 
This condition is not complied with 
in all of these suggested arrange- 
ments, and while this is) not in itself 
a general ground for rejection, such 
precautions as are possible should 
be taken. For instance, the valve 
manufacturers should be consulted 
and the plane of the filament of 
directly heated valves should be 
vertical. Similarly the plane of the 
major axis of the control grid of 


Fig. 7. Admiralty Radar Panel constructed on 
the double chassis system, in the open position 
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Fig. 8. Bracket to attach the mounting to 

the equipment framework (interior of mount- 

ing omitted) which takes up no effective 
space—see text 


cerlain indirectly heated valves 
having a high mutual conductance 
should be vertical. 

In certain circumstances it may 
be desirable to arrange for the unit 
to be easily removed from the frame- 
work. This may be useful, for in- 
stance, when spare chassis can be 
kept on hand for immediate replace- 
ment and the _ defective unit 
examined in a workshop when con- 
venient. This is very easily arranged 
by fitting permanent vertical plates 
to the inner member of each mount- 
ing, which plates have V-shaped 
notches cut in their top edges. 
Corresponding pegs are provided on 
the chassis to engage in these slots. 
It may be advantageous to replace 
the simple V-notches with bayonet 
slots at the front, so as to prevent 
the chassis being lifted accidentally. 

The light duty runner illustrated 
in Fig. 3 lends itself to a particularly 
compact and useful method of 
mounting. By removing two acces- 
sible screws the inner member can 
be slid out of the main mounting. 
The chassis can therefore be screwed 
directly to the inner section, saving 
space and weight. 

Generally speaking, it is not re- 
commended for the drawer width to 
exceed 8 ft. 

A word may be useful on the 
various means by which the fixed or 
outer section of the mounting can 
be secured to the main framework. 
As the forward half of the fixed 
section is permanently obscured by 
the intermediate member, simple 
fixing holes are not usually possible, 
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although when the load to be carried 
is not heavy, a central single row 
of holes may be possible, when 
access is provided through a hole 
specially provided in the _inter- 
mediate section. Two or more 
transverse blocks fitted across the 
back of the mountings are generally 
more suitable. These fittings can 
either be wide and thin, as shown 
in Fig. 4 or be of substantial 
square section, with the fixing bolts 
running parallel to the mounting. 
The latter arrangement helps to 
economise space, but care must be 
taken to ensure that the tightening 
of the two sets of bolts does not 
result in unequal strain and bad sit- 
ting due to framework tolerances. 
These difficulties can be avoided by 
using brackets of the type shown 
in Fig. 8, which take up no effective 
space. These brackets are posi- 
tioned alongside the main frame- 
work member and the two “ ears ”’ 
bend around so that the fixing sur- 
face is in the same vertical plane as 
the back of the telescopic mounting. 
Framework space can also be saved 
by using a channel section instead 
of the more usual angle section for 
the same ultimate strength, when 
the fixing blocks of the mountings 
can be housed in the channelling. 

In designing these and other fit- 
tings for mountings, it is better to 
specify riveting rather than weld- 
ing and jn no case should welding be 
carried out near the ball tracks, 
owing to the danger of softening the 
metal. Riveting enables the in- 
dividual parts to be plated before 
assembly, and this avoids any 
danger of trapped plating acid 
causing corrosion. 


Locks and Handles 


In certain conditions, such as a 


Fig. 9. Typical metal and rubber cable 


harness (Patents pending) 
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rolling ship, it may make it neces- 
sary to fasten telescopic mountings, 
while both open and closed. Such a 
catch mechanism can be operated 
from the front panel by means of a 
car-type handle, which if desired 
could incorporate a barrel lock and 
key to prevent unauthorised open- 
ing. 


Electrical Connexions 


Connexions between the frame- 
work and chassis can be in the form 
of a trailing lead, or arranged on 
plug and socket basis. Besides cer- 
tain mechanical difficulties of the 
latter the equipment is auto- 
matically disconnected as the tray 
is withdrawn, a condition not con- 
ducive to easy maintenance. This 
can be overcome by providing a 
removable test lead fitted with the 
correct plugs and sockets to enable 
the apparatus to be readily recon- 
nected. 

When considering the use of plugs 
and sockets, due regard must be 
given to mechanical tolerances 
throughout the whole assembly. 
Either the plug or socket strip 
should float, and correct location 
should be ensured by two generously 
designed locating dowels. Sufficient 
play in the chassis strip may already 
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Fig. 10. The 
method of using 
a cable harness is 
shewn. In both 
closed and open 
positions per- 
manent electrical 
connexions are 
provided 
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be available from the method of 
mounting employed, for instance, if 
the chassis is held by pegs on V- 
slots. Sockets should be of adequate 
length and surface area. Besides 
certain proprietary sockets, con- 
tacts made from beryllium copper 
mounted on ceramic strip have been 
found satisfactory. 

It is generally easier to use trail- 
ing cables, although precautions 
must be taken to prevent the slack 
cable being sharply bent or other- 
wise deformed, particularly with 
metal braided cables, and to prevent 
the loose cable from falling on to 
components. These problems are 
overcome by using a “cable har- 
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ness’’; Fig. 9 illustrates typical 
types that are available, while Fig. 
10 shows how these accessories are 
employed in use. The metal type 
is so designed as to limit the radius 
on bends. It is also non-sagging so 
that there is no danger of either the 
harness or the cables from touching 
components. In certain equipment 
objectional electrical noises may be 
caused through these metal sections 
being loosely joined together. This 
difficulty can be removed by solder- 
ing a continuous copper earthing 
braid to each section. For small 
equipment the rubber patterns may 
be more suitable. 
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Push-Pull 
Crystal Receiver 


Bott the sensitivity and selec- 
tivity of a crystal radio may be 
improved greatly by using a two- 
crystal push-pull detector circuit and 
by tuning the antenna coil as well 
as both halves of the secondary. The 
circuit is shown in the diagram. 
This arrangement has pronounced 
advantages over a simple detector 
and one-coil tuning. Loud signals, 
long-distance reception and sharper 
tuning are obtained with the new 
circuit, which is only slightly more 
complicated than the usual simple 
crystal sets. 

Two crystal diodes are used. The 
primary coil L1 is wound between 
the two halves L2 and L8 of the 
secondary coil, The main tuning 
capacitor is a dual 865 pF unit. The 
primary coil is tuned separately by 
means of a single-section, 3865 
pF variable capacitor. For all the 
frequencies lower than 850 Kce/s., a 
fixed .001 #F capacitor is connected 
in parallel with the primary trimmer 
by closing the switch. 

The coil is wound in three sections 
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with 32 S.W.G. enamelled wire on a 
l-in. diameter polystyrene or bake- 
lite tube 4 in. long, the turns of each 
coil being close-wound. L2 and 3 
have 137 turns and L1 has 43. The 
inner ends of L2 and L3 are con- 
nected together and to the rotors 
of the main tuning capacitor. Space 
coils 4 in. apart. 

The components are mounted on a 
wooden board 8$ in. long, 5} in. 
wide, and in. thick. The crystals are 
connected directly between the stator 
lugs of the tuning capacitor and one 
of the headphone jack connexions. 
The crystal polarity indicated in the 
schematic must be observed care- 
fully. 


_ Operation of the receiver is very 
simple. Connect an aerial and a 
good earth to the aerial and earth 
terminals. Tune in the station by 
adjusting the main tuning capacitor, 
then adjust the primary trimmer for 
maximum volume. If the frequency 
of the desired station is 850 Ke/s. 
or higher, leave the switch open. If 
it is lower than 850 Kc/s., close the 
switch. The entire medium-wave 
broadcast band can thus be covered. 

This receiver has amazing head- 
hone output, even when receiving 

ow-powered broadcasters. When a 
long, outside aerial and a good earth 
are used, high-powered local broad- 
cast stations will operate a high- 
impedance magnetic loudspeaker, 
(but not a permanent - magnet 
dynamic). The double tuning scheme 
allows separation of strong local 
stations. In tests using the same 
aerial, this receiver has brought in 
distant stations not even heard with 
the best ordinary crystal set. The 
D.c. output of the set (taken across 
the headphone iack with headphones 
disconnected), is 2.5 mA when pick- 
ing up a 250-watt broadcast station 
5 miles away. 
—Radio Electronics, November 1949. 
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A Practical lonisation Gauge Circuit 





tbe the method to be described for 
measuring low gas pressure, a 
diode with a negatively biased anode 
is placed in the low pressure cham- 
ber so that, when a constant source 
of ionisation is applied to the gas 
space between the diode electrodes, 
an ionisation current flows in the 
anode circuit. This current is caused 
to flow in a resistive circuit associ- 
ated with the input of a valve volt- 
meter so that the voltmeter reading 
is a measure of the ionisation current, 
and therefore indicates the degree of 
vacuum in the chamber. In order 
to give reliable operation the valve 
voltmeter must be stable, accurate, 
free from zero-wander and free from 
errors due to small mains fluctua- 
tions. The accompanying circuit 
shows a simple voltmeter having 
these features, and having the 
additional advantages that the 
valves do not have to be matched 
and that the meter readings are 
highly linear and independent of 
valve variations. 

The ionisation gauge used in the 
present apparatus is in the form of 
two parallel anode plates of tanta- 
lum having dimensions 1 in. by 3 in. 
and about 2 in. apart. Between 
them is a tungsten filament which 
earries a heating current of 6 to 8 
amps. when conducted to a filament 
supply of about 8 volts. The tanta- 
lum anodes are shown in the circuit 
as D1 and D2. 

The filament current of the ionisa- 
tion gauge is supplied from a source 
CC controlled by a variable resistor 
R1. The filament current is adjusted 
to such a value that an electron 
emission current of a standard value 
(in this case 10 milliamps) flows 
to the anode D1 when the high ten- 
sion of 360 volts is applied across the 
diode. The constant electron cur- 
rent flowing to D1 acts as a con- 
stant ionisation source, and the ions 
produced by it in the space between 
D1 and the filament flow towards the 
negatively biased anode D2. The 
ionisation current in the gauge is 
collected at the anode D2 which is 
connected, in operation, to a stabi- 
lised negative potential supply of 60 
volts. The potential developed across 
the ends of one of the resistor com- 
binations R, R+9R or R+9R+10R 
by the ionisation current is applied 


to the input of the valve voltmeter. 

A pair of triode valves, shown in 
the circuit as an ECC32 or 6N7G 
double triode, forms the basis of 
the voltmeter. They are connected 
as cathode followers with a current 
meter, in this case a microammeter 
with a scale reading up to 100#A, 
connected between their cathodes, 
while the grid voltage of one valve 
is adjusted by means of the slider 
of R2 to bring the meter setting to 
zero. A similar total grid resistance 
is provided for each valve so that 
the meter setting is not affected by 
any ion current that may flow in 
the grid circuits of the double triode 
amplifier. 

A preliminary adjustment is re- 
quired to set the meter to give its 
full scale deflexion. With switch 
S3 in position 1, the press switch S2 
is closed so that R4 (6 megohms) is 
placed across the 60 volts dropped 
by one of the 22K resistors con- 
nected between the terminals of the 
stabilised 120 volt supply. This 
provides a current of substantially 
10 #A in the lowest section R of the 
grid resistance, and the meter resis- 
tance R3 is then adjusted to give a 
full scale reading under these con- 
ditions. 

In operation, the gauge is evacu- 
ated, and with switch S3 in position 
1, the filament control resistor R1 is 
adjusted until an electron current 
of 50 milliamps flows in the gauge in 
order to de-gas the electrodes. 
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During de-gassing the potentio- 
meter R2 is adjusted to set the meter 
to zero. S2 is then closed and R3 
set to give an accurate full scale 
deflexion. To take a reading of 
pressure, the filament current is 
first reduced as a safety measure 
by means of R1 so that the electron 
current flowing to anode D1 falls to 
zero. The switch S3 is set to the 
appropriate range, and R1 is re- 
adjusted until an electron current of 
10 milliamps flows to anode D1. The 
ion current flowing to the negative 
electrode of diode D2 depends upon 
the gas pressure, and the gas pres- 
sure can therefore be determined 
from the reading on the micro- 
ammeter. The resistors R, 9R, 10R 
can be selected so that a full 
scale deflexion of the  micro- 
ammeter is obtained with ion 
currents of 0.5, 1.0, and 10 micro- 
amps, corresponding to pressures of 
5 x 10°, 10°, 10% mm. of mercury. 

The circuit may be modified to 
suit the convenience of the opera- 
tor; for example, the 50 milliam- 
meter, which is also required to 
indicate 10 milliamps, may be 
shunted by a network of resistors 
connected to a switch ganged to $3, 
so that in the first switch position a 
full scale deflexion is produced by 
50 milliamps while in the measur- 
ing position a full scale deflexion is 
produced by 10 milliamps. Further, 
the voltmeter may be used _ to 
measure heavy currents (of the order 
of amperes) by selecting suitable pro- 
portions between the sections of the 
grid resistance of the right-hand 
triode section of the ECC32. 


—Communication from E.M.I., Ltd. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Sealed Transformers 


Dear Sir,—With reference to the 
letter of Mr. H. F. Haynes in the 
July, 1949, issue, we donot agree with 
his remarks regarding R.F. heating for 
sealing-in bushes. The failure of the 
metallising round such bushes during 
sealing-in is usually due to lack of 
appreciation of the requirements of 
such methods leading to improper 
usage. 

We ourselves have sealed ‘many 
hundreds of metallised bushes of 
various shapes and number per lid 
into both copper and iron lids, and 
provided the metallising is sound 
have had excellent results with R.F. 
heating. It is essential to choose the 
correct working conditions, i.e., type 
of work coil and rate of heating-up, 
with great care to suit the type of 
job being sealed, otherwise the heat 
will be excessive and ‘ burn ” the 
metallising. In addition the solder 
should be in the form of an cver- 
lapping ring, so that when it melts, 
the ends of the ring do not open out, 
leaving a gap. 

With regard to the electrical heat- 
ing referred to by Mr. Haynes, we 
have seen cases where this has given 
trouble due to uneven heating of the 
lid, but with proper choice of con- 
ditions it can be quite satisfactory. 
Of these two methods we prefer R.F. 
heating. 

A further. method which has much 
to recommend it, from the point of 
view of control and cleanliness, is 
that using a bath of hot oil. Palm 
oil is particularly suited to this 
method at a temperature of 225- 
235° C. The assembled lid with seals 
is lowered into the bath, left till the 
solder flows and unites the metallis- 
ing to the lid, then lifted out care- 
ully and cooled. 


Yours faithfully, 
. MACFARLANE, 
Research and Development Dept. 
United Insulator Co., Ltd. 


Mr. M. C. Jones has written to say 
that the word ‘‘ no” was omitted 
from a sentence in his letter printed 
under the above heading in our July 
issue. The sentence should have read 
**T cannot agree, however, that . 
the hermetically sealed transformer 
need be no more costly than its open 
counterpart.” 


Hum in A.C. Valves 


Dear Sir,—I have read _ with 
interest the letter of Mr. W. H. 
Aldous in your January issue, in 
which he informed us relating to his 
investigation of the causes of hum 
due to running the heaters of receiv- 
ing valves on A.c. I think that for 
the sake of completeness my results 
may also serve the development of 
better valves. 

My investigation had shown that, 
using screen-grid valves, hum results 
due to periodic variations of the 
current distribution between screen 
grid and plate caused by the de- 
flexion effect of the alternating 
magnetic field of the heater current. 
I observed also that the hum varies 
with the operating point so that 
varying the control or screen grid 
bias caused the hum to pass through 
zero. 

With reference to the magnitude 
of the hum caused by this distribu- 
tion effect, the tests have given the 
ratio of the hum current to steady 
plate current in maximum to 8x10-° 
to 6X10-° for different examples of 
AF7. More detailed results are given 
in the November 1948 issue of 
Electronics.—Yours faithfully, 

Imre ZAKARIAS, 
Csalma-utea 1, 
Budapest III. 


Mr. Aldous Replies 


I have found Mr. Zakarias’ letter 
and his article in ‘ Electronics ”’ 
very interesting in adding support 
to the conclusion that the increase 
in hum in pentodes as compared 
with triodes is due to the deflexion 
effects of the magnetic field of the 
heater, giving periodic variations of 
the current distribution between 
screen and anode. In particular, I 
am glad of the confirmation of the 
larger effect in variable-mu types, 
which I have not seen mentioned 
elsewhere. 

The order of the magnitude of the 
hum quoted is, as might be ex- 
pected, the same as obtained in our 
work. 

It is worth mentioning that this 
current distribution hum may occur 
also in grid leak detectors, due to 
the dependence of the grid current 
on the valve of the magnetic field, 
though it will only be apparent with 


low level signals. Usually there are 
other causes of hum present in the 
valve, some of which give rise to 
higher harmonics of the supply fre- 
quency, that tend to mask the dis- 
tribution hum, 


Reducing the Effect of Capacitance in 
Screened Cable 


Dear Str,—In recent issues of 
ELECTRONIC ENGINEERING a number 
of circuits have been given for 
reducing the input capacitance of a 
cathode follower. It appears, how- 
ever, that the stray capacitances 
between grid and earth in the valve 
and its mounting have been over- 
looked by your correspondents. The 
input capacitance of a_ cathode 
follower connected and mounted in 
the customary manner is about 10 
pF at audio frequencies. To reduce 
this it is essential that the valve 
should be mounted within a screen 
that can be connected to the 
cathode and that the screen-grid 
should be coupled to the cathode and 
not by-passed to earth. The input 
impedance of a cathode follower 
constructed in this manner with a 
cv 188 valve was measured with a 
1,000 c/s. and found to be 0.7 pF. 
in parallel with 70 M2. 


Yours faithfully, 
G. H. Raynor, 
Electricity Division, 
National Physical Laboratory 


B.T.H. Advanced Engineering Course 


The Advanced Engineering Course is 
a post-graduate course for the better 
qualified university graduates. The 
purpose of the Advanced Engineering 
Course, is to provide instruction in 
the advanced analytical _ methods 
required in modern engineering work 
in order to maintain the provressive 
development which is essential for 
success. Although the activities of the 
company cover an extremely wide field. 
ranging from heavy electrical and 
mechanical engineering to light-current 
work. the course is arranged so as to 
be of value to future engineers who 
may be engaged on technical work of 
anv kind. 

The work of the course consists of two 
weekly lectures during working hours, 
homework associated with these lec- 
tures (about eight hours a week), and 
an evening tutorial class of two hours. 

Further details of this course can 
be obtained from British Thomson- 
Houston Co., Ltd., Rugby. 
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Ultrasonic Soldering fron 
(Illustrated above) 


7 soldering gun consists of a 
removable copper soldering bit and a 
magneto-striction transducer. The 
soldering bit, which is heated by means 
of a conventional resistance winding, is 
secured to a brass block held in firm 
contact with the nickel core of the trans- 


ducer. The ultrasonic power necessary* 


to drive the transducer is supplied by an 
electronic amplifier which forms part 
of the power supply unit. 

Although primarily designed for 
soldering aluminium, the ultrasonic 
soldering iron may also be used for 
soldering a number of other metals 
and alloys, such as magnesium, dura- 
lumin, etc. To avoid electrolytic 
action, it is advisable to use a solder with 
tin-zinc base instead of the usual tin-lead 
alloy. 

The operating frequency chosen is 
well above the normal audible range, so 
that no discomfort is experienced by the 
operator. 

Mullard Electronic Products Ltd., 
Electronic Equipment Division, 
Aboyne Works, 

Aboyne Road, 

London, S.W.17. 


Audio Oscillator 


HIS instrument provides a convenient 

source of audio frequency power, and 
is suitable for checking audio frequency 
response of amplifiers, loudspeakers, etc. 

A conventional R.C. oscillator circuit 
is used, employing two triodes with 
negative feed-back. The maximum 
power available is 500 milliwatts matched 
to either 600 ohms centre tapped, or to 
5,000 ohms. Three ranges are provided, 
covering from 20 to 20,000 c/s. The 
ranges are selected by a switch, and the 
frequency is read on a dial which is 
marked 20-200 cycles per second. Four 
controls are provided covering fre- 
quency, output, range selection, and 
mains voltage adjustment. 

The manufacturers claim that the 
accuracy of frequency calibration is 3 
per cent, and the total harmonic dis- 
tortion does not normally exceed 3 per 
cent. Output sockets are provided for 
600 ohms centre tapped and 5,000 ohms. 
The audio oscillator is mains operated, 
with an adjustment covering I10V or 
200-250V. 

Taylor Electrical Instruments Ltd., 
419-424, Montrose Avenue, 
Slough, Bucks. 
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Television Pattern Generator 
(lilustrated below) 


HE Windsor Pattern Generator is 

designed for television service work 
and may be set to give vertical bars, 
horizontal bars, or unmodulated R.F. 
(white raster) on any frequency within 
the television band, and so is suitable for 
both London and Birmingham areas. 
On “‘ Horizontal ’’ position the modula- 
tion is at a medium audio frequency, so 
at this position the sound channel and 
audio section may be tested. 

It has a frequency range of 40 to 70 
Mc/s, directly calibrated, with output 
voltages of approximately 50 mV, 5 mV, 
and 500 pV, at the end of a 75 ohm 
co-axial cable. Power supply is 100-125 
and 200-250 volts 40-100 c/s. 

Taylor Electrical Instruments Ltd., 
419-424, Montrose Avenue, 
Slough, Bucks. 








Mutual and Self-Inductance Bridge 
(Illustrated right) 

UTUAL and self inductance can be 

measured without complicated cir- 

cuit changes, and the phase sensitive 

detector used ensures that the inductance 


and resistance controls are largely 
independent. Special circuit arrange- 
ments are made to eliminate the effect 
of the series resistance of leads and 
contact resistance of clips, so that full 
use may be made of the low resistance 
ranges. 

The instrument has a range of in- 
ductance measurement of 0.03 mH to 
30 mH, or self inductance first scale 
reading 0.001 mH. It has twelve ranges, 
which overlap so that no reading need 
be taken at less than one-third of the 
full scale. The range of resistance 
measurement is 0.003 ohms to 3,000 
ohms. Its accuracy is plus or minus 
I per cent. on all ranges, frequency is 
1,592 c/s and power supply 100-250 volts, 
40-60 c/s. 

Applications of the instrument include 
the measurement of the inductance of 
tuning coils, correcting inductances, 
loading coils, transmission lines and 
cables and stray inductances in circuit 
wiring. Since it is sensitive down to 
0.001 mH it is useful for the latter 
purpose in television and radar circuits. 


Cinema-Television Ltd., 
Worsley Bridge’ Road, 
Lower Sydenham, London, S.E.26. 
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A selection of the latest equipment ex- 
the 2nd-4th November, 1949, at the 
don, W.C.1, compiled from information 

will furnish further 


Magnetic Tape Equipment 
Home Recorder 


THe precision tape recorder is oper- 
ated from one control for record, 
Stop and play. Tape is used rather than 
Wire for elimination of breakage and 
snarling, and for longer life. The 
recorder has a frictionless turret drive 
to avoid speed variations, resulting in 
flickering. 

The recorder has a frequency response 
of 50-5,000 c/s at 74 inches a second, an 
output power of 10 watts; a power 
consumption of 75 watts and a power 
supply of 200-250V, 50 c/s. Input 
channels are provided, one for high 
impedance for a microphone and one for 
a gramophone or radio. At maximum 
level, distortion is below 2 per cent. 
Playing time of the recorder is 30 
minutes, and the rewind time is less 
than one minute. 


Magnetic Sound Recording Equipment 


i hee Scophony Baird magnetic sound 
recording attachment is available in 
various types to fit different projectors. 
A ‘‘ double ’’ system is used, with the 
sound on a separate strip from the 
picture. The two run through the pro- 
jector in synchronism. 

The outfit comprises three principal 
parts : the tape drive with the recording 
head, the amplifier and the loudspeaker. 

The tape used is standard } inch wide 
cellulose base coated with an _ iron 
compound. It is two thousandths of 
an inch thick, which means that a reel 
which will hold 200 ft. of cine film will 
hold approx. 600 ft. of the tape. This 
has been used as a basis for the design of 
the Scophony Baird equipment ; the 
tape runs at approximately 3 times the 
film speed. With 8 mm. film shot at 
16 f/s the tape speed will be the same as a 
16 mm. 24 f/s track, ie. 7$ inches per 
second. 

Scophony-Baird Ltd., 
Wells, Somerset. 
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Equipment 


hibited at the S.I.M.A. Symposium on 
Examination Hall, Queen Square, Lon- 
supplied by the manufacturers, who 
details upon request. 


Colour Temperature Meter 


HIS instrument is a self-contained 

instrument of cylindrical shape. At 
one end of the cylinder is the dial of the 
zero galvanometer, and at the other, 
behind a rotating annular shutter, with 
half of its circular aperture blacked 
out, the two half-moon shaped photo 
cells covered by a blue and red glass filter 
of identical shape. The finish of the 
instrument is black stove-enamel, except 
the silver-coloured ring on which the 
temperature scale is engraved, and the 
index line on the shutter. 

The meter is held about 8 inches from 
the eye and aim is taken at the light 
source through the 4 inch diameter hole 
penetrating through the whole length 
of the instrument. The shutter is 
rotated until the pointer of the zero 
galvanometer coincides with the zero 
line across the hole. The temperature 
can then be read opposite the index on 
the shutter. 

Megatron Limited, 
115a, Fonthill Road, 
London, N.4 





Stroboloom 
b Ben Stroboloom has been designed 
for studying the shuttle movement 
through the weft on textile looms. 

The flash tube gives an intense flash of 
white light of about 50 microseconds, 
which is exactly synchronised with each 
cycle of the mechanism under investiga- 
tion, thus giving a visual effect of 
“* freezing ’’ the movement. The maxi- 
mum flashing rate is 220 per minute. 

It is synchronised with the machine 
motion by a contactor, which enables 
the flash to be ‘‘ locked ’’ to a rotating 
shaft on the boom. The phase of the 
flash, i.e. its time in the flashing cycle, 
can be adjusted by means of a remote 
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control up to a distance of 12 ft. The 
speed of the shuttle can be accurately 
determined by relating the shuttle 
position to stroboscopically determined 
angular settings of the drive shaft on the 
loom. 

For convenience of operation the 
phase control is combined with the 
lamp assembly. Due to the use of an 
extremely high intensity flash the 
shuttle can be seen clearly in position, 
although the repetition rate may only 
be about 100 per minute. In order to 
obtain the longest possible life from the 
flash tube a press switch is provided on 
the lamp handle adjacent to the phase 
control. 

The instrument enables the lay of the 
thread behind the shuttle to be accurate- 
ly determined at each stage of its progress 
through the loom, thereby enabling the 
operator to locate quickly the develop- 
ment of a broken thread or other weaving 
defects due to shuttle faults. 





Drytester 

This equipment is 
measuring and controlling the moisture 
content of textiles during all the drying 


designed for 


processes. The operating principle is 
based upon the fact that a static electric 
charge develops on warps and cloths of 
fibrous material during drying and move- 
ment. The magnitude of this charge 
depends almost entirely upon the degree 
of moisture in the material. The 
electric charge is collected from the 
yarn by means of an electrode and 
conveyed to the measuring instrument, 
which detects it and converts it into an 
indication of the moisture content. 

The charge collector consists of a 
metallic brush which is held in per- 
manent contact with the textile material, 
but is insulated away from other metal 
work. This collector must be mounted 
at the delivery end of the drying machine 
across the whole width of the warp or 
fabric. 

The indicator employs an electronic 
amplifier which detects the small charges 
of static electricity, and operates the 
meter, together with signal lamps corres- 
ponding to the normal moisture (yellow), 
wet (green), and dry (red) conditions. 

The sensitivity of the whole installa- 
tion is adjustable by means of a panel 
control to suit four degrees of moisture. 

For the correct moisture content the 
needle of the meter is in the middle of 
the yellow area and the appropriate lamp 
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above is illuminated. With increase of 
moisture in the textile the needle will 
move to the green sector, and with 
moisture decrease, the pointer will be 
directed to the red sector. The drying 
process can thus be readily supervised 
by means of the indicator as well as the 
two signal lamps. 

The equipment can be used in three 
different ways: by direct hand adjust- 
ment, by semi-automatic control, or by 
automatic adjustment. 


Dawe Instruments Ltd. 
130, Uxbridge Road, 
Hanwell, London, W.7. 





Drift-Corrected Direct Coupled 
Amplifiers 


Ee MR235 D.C. pre-amplifier em- 
ploys a direct-coupled valve amplifier 
in conjunction with a chopper circuit 
which detects and corrects for any drift 
due to warming up and to changes in 
cathode emission that may take place. 
Thus it retains the wide frequency band 
of a normal amplifier. 

The amplifier consists of two balanced 
stages followed by two cathode-followers. 
A considerable degree of negative feed- 
back is provided, with a switch in the 
feed-back circuit to enable a gain of 
either 10 or 100 times to be obtained. 
Although the amplifier is fully balanced 
for the sake of stability, an unbalanced 
output is taken from one side only. 

For drift correction, a fraction of the 
output is selected by a potentiometer 
set to have an attenuation ratio exactly 
equal to the gain of the amplifier, so 
that if the amplifier has been correctly 
set up the voltages should be equal. 

These two voltages are fed through 
low-pass filters to a chopper switch 
consisting of a Carpenter relay operating 
from a 50 cycle supply. As soon as there 
is any difference between them, a 
square-wave output is produced, whose 
peak-to-peak amplitude is equal to the 
difference. The square wave is amplified 
by a single coupled pentode and rectified 
by a second Carpenter relay operating 
sychronism with the first. This produces 
an amplified D.c. voltage which, after 
filtering, is fed back into the amplifier 
and is of the correct polarity to counter- 
act the drift. 

Southern Instruments Ltd. 
Fernhill, Hawley, 
Camberley, Surrey. 
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RADIO AERIALS, by E. B. Moullin. 50s. 
Postage Is. 

BASIC TELEVISION, by Bernard Grob. 
55s. 6d. Postage Is. 


AMATEUR RADIO RECEIVERS, by S. K. 
Lewer. 3s. 6d. Postage 2d. 


THE TECHNIQUE OF RADIO DESIGN, 
by E. E. Zepler. 25s. Postage 9d. 


ELECTRONIC MUSICAL INSTRU- 
MENTS, by S. K. Lewer. 3s. 6d. Postage 2d. 


BASIC MATHEMATICS FOR RADIO 
STUDENTS, by F. M. Colebrook. 10s. 6d. 
Postage 4d. 

PRACTICAL WIRELESS CIRCUITS, by 
F.J. Camm. 6s. Postage 4d. 


AMATEUR RADIO SIMPLE TRANS- 

MITTING EQUIPMENT. 2s. Postage 2d. 
RADIO VALVE DATA. 
Wireless World. 3s. 6d 
THE ELECTRONIC MUSICALINSTRU- 


MENT MANUAL, by Alan Douglas. 
18s. Postage 6d. 


WIRE RECORDER MANUAL, by G. R. 
Judge. 2s. 6d. Postage 2d. 

PRINCIPLES OF RADAR, by M.I.T. 33s. 
Postage 9d. 

THE PRINCIPLES OF SYMMETRICAL 
COMPONENTS, by C. A. Grover. 4s. 
Postage 2d. 

We have the finest selection of British and 
American radio books. Complete lists on 
application. 


THE MODERN BOOK COMPANY 


(Dept. E.1) 
19-23, Praed Street, LONDON, W.2 
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Components Handbook 


Edited by John F. Blackburn. XVII, 626 pp. 
McGraw-Hill Publishing Co., Ltd., 1946. 
Price 68s. 


OLUMES 18 to 23 of the well- 

known series compiled by the 
Kadiation Laboratory of the Massa- 
chusetts Institute of Technology, under 
the auspices of the National Defence 
Research Committee (U.S.A. Office of 
Scientific Research and Development), 
deal with amplifiers, waveforms, elec- 
tronic time measurement, electronic 
instruments, cathode tube displays and 
microwave receivers. The book under 
review forms Volume 17 of this series, 
and is intended as a companion and 
reference work for the volumes men- 
tioned above. Each of its 14 chapters, 
dealing with wires and cables, various 
types ‘of resistors, iron-core inductors, 
piezoelectric devices, electromagnetic 
and supersonic delay lines, potentio- 
meters, variable capacitors, rotary in- 
ductors, instrument motors and tacho- 
meters, power supplies, relays and 
receiving tubes, is written by one or 
two specialists in the respective fields, 
and gives the available information on 
properties and characteristics of the 
various components, and in particular 
the results of original measurements 
made at the Radiation Laboratory. 

In the foreword it is stated that the 
work described in the MIT volumes is 
the collective result of work done in 
the laboratories of U.S.A., England, 
Canada and other Dominions. But 
the bulk of the material presented in 
this new volume is taken from 
American sources. References to 
British work are the Ayrton-Perry type 
of non-inductive windings and investi- 
gations on the high-frequency proper- 
ties of composition resistors, where due 
credit is given to the work of L.Harts- 
horn and G. Howe. Reference 
is also made to B. Hague’s ‘“ A.C. 
Bridge Methods ’”’ and to experiments 
made at the British T.R.E. on the use 
of rubber bags for the oil filling of 
transformers and other coils and on 
methods for increasing the bandwidth 
of crystal cartridges. A design of a 
water delay line developed at the 
R.A.E., Farnborough, is also men- 
tioned. 

As will be seen, these references are 
none too numerous considering the fact 
that the book has over 600 pages and 
that the contributions to the develop- 
ment of radar and related techniques 
by British scientists and _ engineers 
have been rather conspicuous. One 
well may ask for the cause of such «a 
discrepancy. As usual, there is not 
one cause, but several. First of all it 
is quite natural that an American team 
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of writers will use primarily American 
sources of information as they are much 
more easily accessible. Besides, there 
is, and has always been, a much greater 
readiness on the part of American indi- 
viduals, laboratories, manufacturers 
and institutions to publicise the results 
of their investigations. Then there 
were, and still may be, restrictions 
due to secrecy and austerity regu- 
lations. 

References to literature are also com- 
paratively scarce. They are given 
partly in footnotes at the beginning or 

end of some of the chapters, 

The fact that mainly American de- 
signs are dealt with does not impair in 
the least the value of the book for 
British readers. On the contrary, it 
cannot be emphasised too frequently 
that the intimate knowledge of foreign 
practice, be it American or Continental, 
is most desirable for our own designers. 

The book is well produced and con- 
tains a large amount of valuable 
information. It can be commended to 
all concerned with the design and con- 
struction of radar and similar equip- 
ment. 

R, NEuMANN. 


Vacuum Tube Circuits 


By Lawrence Baker Arguimbau. 668 pages, 
576 figs. John Wi'ey and Sons Inc. and 
Chapman and Hall. Price 3€s. 


HE title of this book is rather mis- 

leading, since the subject matter 
is restricted to circuits applicable to 
radio communication; no reference is 
made to the specialised circuitry 
developed for radar, or the many 
important applications of vacuum tubes 
in counting, relay, control and similar 
electronic devices. 

The author has drawn from his 
experiences in lecturing to present his 
subject matter in a rather unconven- 
tional and very refreshing colloquial 
style, which is easily digestible and 
which makes interesting reading, both 
for the student and professional engi- 
neer; the mathematics has been kept 
to reasonable proportions, and the 
typography and _ illustrations are 
excellent throughout. 

The opening chapter on basic radio 
communication is followed by two on 
rectifier, triode, pentode and_ linear 
amplifier circuits. Chapter IV deals 
with the transient response of video 
amplifiers, and Chapters V and VI with 
normal valve amplifiers. In Chapter 
VII on valve oscillators, the elementary 
theory is presented clearly. but the 
reader will be ill-informed if he con- 
siders the author’s treatment of fre- 
quency stability or amplitude control 
to be comprehensive; the author seems, 
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in fact, to be quite unfamiliar with the 
most important aspects of these sub- 
jects. Further chapters deal with 
modulation and pulse generators, and 
the concluding chapter with ‘ micro- 
waves. This latter chapter com- 
mences by illustrating the shortcomings 
of normal types of valves at very high 
frequencies, and then advances to the 
consideration of special valves, and 
finally to magnetrons and_ klystrons. 
The general description of these items 
is well presented, but it is a pity that 
the avthor makes no mention of the 
pioneer work on these subjects under- 
taken outside the U.S.A.; there is, in 
fact, but one Italian and not a single 
British reference throughout the book. 

The absence of any reference to the 
pioneer work of Lea on frequency 
stabilisation, of Booth on crystal oscil- 
lators, of "Megaw and Randall on 
magnetrons, of Bell on high frequency 
triode oscillators, of F. C. Williams on 
time base generators, and many others, 
is unpardonable in a book of this type, 
and detracts from its value as an 
authoritative work. 

Taken as a whole, however. the book 
provides. a readable and _ clearly 
presented survey of communication 
circuit techniques with just sufficient 

mathematics to illustrate the various 
subjects without making reading by 
the average student too difficult. 

A. THomas 


Fundamentals of Electric 
Waves 


By Hugh H. Skilling, 2nd Edition. John 
Wiley and Sons, Inc., New York and 
Chapman and Hall, Ltd., London, Price 


32s. net. 


HIS book will be of value to the 

student who wishes to acquire a 
thorough knowledge of electromagnetic 
field and wave theory since the author 
not only presents the theory, but 
explains it in particularly clear and 
lucid terms. The process of under- 
standing what is admittedly a some- 
what difficult subject is made easier by 
working through the admirably 
practical examples which are given at 
the end of each chapter. Compara- 
tively little mathematical background 
is assumed, and a useful introduction 
to vector analysis—one of the most 
essential mathematical tools for 
developing electromagnetic wave 
theory—is given. 

The first seven chapters of the book 
prepare the background for Maxwell’s 
equations and the theory of wave radia- 
tion and propagation; the later chap- 
ters are concerned with more practical 
topics such as the characteristics of 
aerials and the propagation of waves 
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in rectangular and cylindrical wave- 
guides and in ionised media. The 
treatment of aerials and waveguides is 
too cursory to be really satisfactory, 
serving only to illustrate some of the 
applications of the general theory, and 
the reader is advised to refer to special - 
ised iextbooks for a more complete 
treatment. It is gratifying to note 
that in this new edition the rational- 
ised M.K.S. system of units is used 
throughout. 

There are a few rather surprising 
omissions, for example, the gain of an 
aerial is not discussed, although the less 
important concepts of effective height 
and length are explained in some 
detail. Some of the diagrams could be 
improved, for example, Fig. 72 is diffi- 
cult to follow and the conditions rela- 
ting to the three curves in Fig. 82 are 
not given. Although the author makes 
excuses in the preface for the absence 
of a bibliography, on the grounds of the 
extensiveness of the literature on elec- 
tromagnetic theory, it is felt that a list 
of selected references to textbooks and 
the more important papers would have 
been of value to the student. How- 
ever, these are minor criticisms and 
on the whole the book is thoroughly 
recommended, not only for use by the 
student, but also by the practising 
engineer who wishes to revise his 
knowledge of fundamental theory. 


W. J. Bray. 


Maintenance Manual of 


Electronic Control 
Edited bv R. E. Miller. 304 pp. Figs. 201. 
McGraw-Hill, London. 38s. 6d. net. 


ITH electronic control equipment 

slowly finding its way into the 
province of the works engineer it is 
commendable that a book has been 
compiled which will show him exactly 
what he will have to contend with in 
installing and maintaining this new, and 
mavbe frightening. plart. 

The material in this book first 
appeared in the magazine Electrical 
Construction and Ma‘ntenance as a 
series of articles by eight specialis* 
engineers employed by the General 
Electric Co. of America, and the key- 
note of the whole work is that it is 
intended for the man who is responsible 
for the day-to-day maintenance of in- 
dustrial electronic equipment. 

After a substantial chapter on in- 
Piet electronic circuits in general, 
there sre two shorter chapters on the 
general installation and maintenance of 
electronic equipment. also on_ the 
cathode ray oscillograph and how to 
use it. Then follow six good chapters on 
installing, maintaining and_ servicing 
various kinds of electronic relays; motor 
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we > sensei dense 
Recently Published 


PULSES AND 
TRANSIENTS IN 
COMMUNICATION 
CIRCUITS 


An Introduction to Network | 
Transient Analysis for | 
Television and Radar 

Engineers 





by 
Colin Cherry 
M.SC., A.M.LE.E. 

317 pages. 112 figures. 32s. net. 
“This book can be confidently 
recommended to graduate engin- 
eers, particularly those teaching 
or practising in radar and 
television. K. R. Sturley | 


(Electronic Engineering) 


THE TECHNIQUE 





| 
| 
OF | 
| RADIO DESIGN | 
| by 
| E. E. Zepler 
| Ph.D. 
| (Second Edition, Revised) 
| 412 pages. 283 figures. 25s. net. | 


| 
‘ | 
| SYMPOSIUM 
ON 

| ELECTRONICS 


IN RESEARCH AND INDUSTRY 
Papers read at the 


First Electronics Symposium 
of S.I.M.A., 1948 


Edited by 
A. G. Peacock 
Introduction by 
SIR EDWARD APPLETON, K.C.B., F.R.S. 


216 pages 112 figures 16s. net 


ELEMENTS 

OF | 

ELECTRONICS | 
bh , 


’ 
G. Windred | 
A.M.LE.E. 
197 pages 100 figs. 6 plates 15s. net 
oa iene 
37 ESSEX STREET, LONDON, W.C.2. 
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ELECTRONICS 
MANUAL For RADIO 
ENGINEERS 


By Vin Zeluff and John 
Markus, Associate Editors of 
Electronics. First edition. 

II xX 9. 872 pages. 81/- 


This volume provides the 
practical circuit information 
needed by practising engineers— 
the mathematical foundation 
needed by radio design engineers 
and researchers—and the 
measuring and operating tech- 
niques needed by radio operators, 
technicians and maintenance men 
for putting radio equipment into 
use and keeping it at peak 
efficiency. 


See your nearest book- 
seller — we invite you 
to write for our com- 
plete catalogue. 


McGraw-Hill Publishing 
Co. Ltd., 
Aldwych House, London, 
W.C.2. 
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Monographs 


CATHODE RAY TUBE TRACES 
by H. Moss, Ph.D. 


This monograph is based on a series of articles 
published in ‘‘ Electronic Engineering '’ and 
contains the elementary theory of common 
types with notes on their production. Con- 
siderable emphasis has been placed on the 
eometrical interpretation of the patterns and 
ull notes on the techniques of the circuits 
required for the high degree of stability are 
given in the appendices at the end of the book. 


Price 10s. 6d. Postage 6d. 


A HOME-BUILT TELEVISOR 
For Sutton Coldfield reception. 
by W. I. Flack 


This booklet fully describes the design and 
construction of a high quality receiver for the 
reception of the Sutton Coldfield transmission. 
Tests of the receiver itself over the last few 
months on pilot transmissions have proved 
entirely satisfactory and recent preliminary 
tests on Sutton Coldfield have demonstrated 
the sound design of the receiver. Booklet 
complete with detailed wiring diagram. 


Price 4s. 6d. Postage 3d. 
Available from all Booksellers or direct from 


The Circulation Dept., 28, Essex Street, 
Strand, W.C.2. 
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BOOK REVIEWS (Continued) 


controls; resistance-welding controls; 
temperature controls and sealed igni- 
tron rectifiers. 

All the equipment described is of 
American origin and this sometimes 
means that British equipments will 
differ, but on this matter, and indeed 
through much of the book, the reader 
must regard the information as dealing 
with the principles rather than details, 
because when the latter are given they 
apply to particular types of apparatus. 
In connexion with details it is felt that 
rather complex circuit diagrams should 
have been entirely omitted because few 
readers will study them thoroughly, and 
here again, they really only apply to 
a single equipment. Diagrams of the 
circuit-element type are far more suit- 
able for the works engineer who is meet- 
ing electronic control at close quarters 
and at least one of the authors is 
apparently in agreement wich this view. 

The book is freely illustrated but not 
all the illustrations are of value; though 
they may tend to counteract the 
frightening effect of vector diagrams, 
oscillograms, circuits, etc., and maybe 
their inclusion is psychologically justi- 
fiable. 

A number of the chapters conclude 
with fault-locating tables, which are 
useful if regarded as providing sign- 
posts to possible faults, but not as 
giving an easy answer to. every 
problem. 

To sum up, if the works engineer 
reads this book in small doses and 
thinks carefully how the equipment 
mentioned is the same as, or differs 
from that under his care, it will help 
him a lot on the subject of industrial 
electronic control. 

Joun H, Jure 


Sound Film Projection 


By F. W. Campbell, T.A. Law., L. F. Morris, 
A. T. Sinclair. 242 pp. 170 figs. Geo. 
Newnes, Ltd. 2ls. net. 


HIS is the third edition of this 

book within four years, which is 
an adequate testimonial to its value. 
The four types of equipment described 
in derail Whetere Electric, B.T.H., 
R.C.A., and British Acoustic—are the 
most commonly encountered in cine- 
mas, and each has been described by 
an es sy with knowledge of his 
particular equipment. 

The remainder of the book contains 
chapters on installation, maintenance 
and fault tracing and repairs. These 
are of particular value to the practical 
cinema technician, and are well illus- 
trated by photographs specially taken. 

In the new _ edition, additional 
material on the Westrex Sound System 
and on picture projection has been 
added, making the book an up-to-date 


practical handbook for all concerned 
with the projection of films. 


G. Parr 


Atomic Energy 


By Karl K. Darrow. 80 pages, 13 figs. 
Chapman and Hall, 1948. 12s. 


HIS book should not really be 

reviewed by a physicist at all. It 
is designed—and as far as a physicist 
can tell, very well designed—for the 
educated layman, or, in Dr. Darrow’s 
own words, for “ people whose special 
fields of interest were other than 
physics.” 

The book, which is more valuable 
than is suggested by its title, consists 
with but minor changes of four lec- 
tures given at North Western Univer- 
sity in 1947. 

Dr. Darrow has given not only a 
fascinating account of the nuclear 
processes involved in what is popularly, 
if inaccurately, described as the release 
of atomic energy. He has also given 
a most able account of our present 
view of the structure of atomic nuclei, 
illuminating one of the main growin 
points of modern science and one o 
the greatest intellectual achievements 
of the human race. 

The book is not written for physicists, 
although any physicist interested in the 
giving of popular lectures could learn 
a great deal from it. It should appeal 
very greatly to that large number of 
people who would like to know some- 
thing of the results of modern science 
without the rigorous training required 
to understand the methods by which 
these have been discovered and con- 
firmed, and for this purpose it can be 
heartily recommended. 

J. H. FREMLIN 


Measurement of Stress and 
Strain in Solids 


‘* Physics in Industry ’’ Series. 109 pages, 
33 Figs. and 8 plates. The Institute of 
Physics, 17s. 6d. net. 


HIS is a collection of papers based 

on the conference held by ‘the 
Institute in Manchester (1946), with 
an introduction by Professor Hartree, 
the chairman, 

The twelve papers include five on 
strain gauges, three on stress patterns, 
and two on the use of X-rays for 
measurement and _ investigation of 
stresses. Those on strain gauges are 
particularly valuable, and give a 
thorough survey of present-day prac- 
tice which will be useful for all 
engaged in this measurement work. 
At the reasonable price asked, this 
book should have a wide circulation 
among research laboratories and train- 
ing institutions. 
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Exhibition of Electronics 


The first annual exhibition of indus- 
trial electronics in the Midlands will 
take place in Praca ayaa on the 5th, 
sth and 7th January. The following 
firms will exhibit their electronic and 
television equipment: Aerialite, Auto- 
matic Coil Winder and_ Electrical 
Equipment Co., Ltd., Bakelite Ltd., 
Barber Electrical Services, Ltd., Bir- 
mingham Gazette, British Electronic 
Products (1948), Ltd., Cornelius Elec- 
tronic Instruments, td., Dawe 
Instruments, Lid., Eagle Components 
Co., Ltd., Execrronic ENGINEERING, 


Ether, Ltd., Everett, Edgcumbe and 
Co., Ltd., G.P.O., Hudsons Technical 


Bookshop, Lydiate Ash Laboratories, 
Metro-Pex, Ltd., Marconi Instruments, 
Ltd., Metropolitan-Vickers, Ltd., 
Midland Amateur Radio Society, 
Parmeko, Ltd., Presshouse Scientific 
Journals, Ltd., Scophony Baird, Ltd., 
Southern Instruments, Ltd., the Tele- 
vision Society and J. Langham Thomp- 
son and Co. 

The exhibition will take place at the 
Exhibition Floor, Messrs. Lewis’s, Ltd., 
Bull Street, Birmingham 4. Preview 
for the trade will be held on January 
5 from 9 a.m. to 12 noon. Free admis- 
sion tickets for this day are available 
on request to: W. Summer, 31 Beech 
Road, Bournville, Birmingham 30. 


Precision Drawn Wave Guide Tubing 


The increasing use of wave guides in 
communication and radar apparatus, 
coupled with the need for greater 
dimensional accuracy in the tubing as 
frequencies increase, has led to con- 
siderable attention being paid to 
manufacturing techniques. Johnson, 
Matthey and Co., Lid, have developed 
a method of manufacture capable of 
producing a guide in long lengths (10 
ft.) having close dimensional tolerances, 
small radii of internal corners and a 
very high quality internal finish, 

This guide is available not only in 
brass and copper but also in silver lined 
brass or copper, silver-copper alloy and 
aluminium. A range of sizes is avail- 
able from 2.0 by 0.667 inches including 
the normal service requirements down 
to 0.180 by 0.09 inch internal dimen- 
sions. 

Tubes having non-standard dimen- 
sions can be manufactured to specifi- 
cation providing the auantities involved 
ean iustify the production of special 
tools. 

A technical service has been made 
available to assist in establishing 
satisfactory service to the consumer 
both in choice of guide and subsequent 
processing. 

Change of Address 

Messrs. George Bray and Co., Ltd. 
announce that their London offices have 
moved to 305/306 Grand Buildings, 
Trafalgar Square, W.C.2. 
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FROM THE INDUSTRY 


New Permanent Headquarters for 
Television 


The B.B.C. announce that they have 
decided to develop their 13 acres White 
City site in two stages. Mr, Graham 
Dawbarn, C.B.E., M.A., F.R.1.B.A., 
has been appointed architect for the 
first stage, in association with Mr. 
M. T. Tudsbery, C.B.E., M.I.C.E., the 
Corporation’s Civil Engineer. 

The appointment has been made 
from names put forward by the 
R.I.B.A., who were informed of the 
nature and scope of the project. The 
first stage will absorb some seven 
acres and will be devoted to television. 

The decision to develop the site in 
this manner, instead of holding a 
planning competition for the whole, as 
was originally intended, has been taken 
in order to mnreserve the flexibility 
necessary to meet changing demands in 
the most efficient manner. 

Mr. Howard M. Robertson, A.R.A., 
M.C., F.R.I.B.A.. and Professor W. G. 
Holford, M.A., F.R.1.B.A., have con- 
sented to act as architectural advisers 
to the B.B.C. in connexion with the 
project. 


New Atomic Energy Establishment 


The Ministry of Supply announces 
that a_ site has been selected at 
Capenhurst, near Chester, for the con- 
struction of an_ establishment con- 
nected with the Ministry’s atomic 
energy programme. 

Survey work has begun, and con- 
struction work, which will employ 
several thousand men, will begin this 
year. The establishment will ultimately 
employ an operating force of a similar 
size. 


Television Sales Record 


The Radio Industry Council reports 
that more than 21,000 television 
receivers were sold by manufacturers 
to the trade in September, 1949, as 
many as were sold in all the years 
before the war, and only 6,000 less 
than in the whole of 1947. 

Estimated production of television 
receivers during November was 35,000, 


8.000 higher than the October figure 
which was the previous highest. 
It is estimated that so far 40,000 


sets have been sold by manufacturers 
to dealers in the Midlands. 


Tiluma Cement 


In the December issue of ELrcrronic 
ENGINEERING Tiluma Cement was in- 
advertently referred to as ‘ Timula ”’ 
Cement. As we have had many in- 
quiries concerning this, we would like 
te edvise readers that it may be 
obtained from most _ ironmongers, 
builders’ merchants, ete. It is manu- 
factured by Messrs. J. H. Sankey and 
Son, Ltd., Ilford, Essex. 


Publications Received 
The Nickel Bulletin. 
ber, 1949. 

A summary of current information 
on nickel, with abstracts. The Mono 
Nickel Co., Ltd., Sunderland House, 
Curzon Street, London, W.1. 


August-Septem- 


Hunts Capacitors. 

A small publication intended to 
indicate the wide range of fixed capa- 
citors made by this company. A. 
Hunt, Ltd., Bendon Valley, Garratt 
Lane, Wandsworth, London, S.W.18. 


Nettlefolds. Forms No. A133 and A184. 

Two pamphlets describing Phillips 
Recessed Head Screws, which are 
stocked by Buck and Hickman, Ltd., 
2, 4, 6 and 8 Whitechapel Road, 
London, E.1. 


Electrons in Triodes. 

This is the second of a series of 
educational booklets being produced, 
and it explains the history and working 


principles of the triode in a_ simple 

manner The Edison Swan Electric 

Co., Ltd., 155 Charing Cross Road, 

London, W.C.2. 

Nickel — Properties and Applications, 
A further publication in the series 


dealing with the properties and appli- 
cations of their alloys, published by 
Henry Wiggin and Co., Ltd., of Wiggin 
Street, Birmingham, 16. 


Loudspeakers and Transformers. 

A leaflet describing the range of 
loudspeakers and transformers manu- 
factured by the Electro Acoustic 
Industries, 'Ltd., of Stanford Works, 
Broad Lane, Tottenham, London, N.15. 


G.E.C. Quartz Crystal Units. 

This is a pamphlet giving particu- 
lars of the G.E.C. Quartz Crystal units 
for aircraft and general communication 
service. Salford Electrical Instru- 
ments, Ltd., Peel Works, Silk Street, 
Salford 3, Lancs. 


S.E.1. Photocells. 

The purpose of this bosklet is to 
acquaint the reader with the charac- 
teristics of photocells, and to enable 
him to use them to advantage. Sal- 
ford Electrical Instruments. Ltd.. Peel 
Works, Silk Street, Salford 3, Lancs. 


Sound Throughout. 


The booklet describes the ‘‘Bafflette”’ 
loudspeakers, and the various methods 
of installing them. Richard Allen Radio 
Ltd., Caledonia Road, Batley, Yorks. 


This is Ediswan. 
A_ brochure intended to give 
idea of the company’s 


some 
interests and 


activities. The Edison Swan Electric 
Co., Ltd.. 155 Charing Cross Road, 
London, W.C.2. 








Electronic Engineering 


January, 1950 


MEETINGS THIS MONTH 


Institution of Electrical Engineers 


Unless otherwise stated, all meet- 
ings are held at the Institution of 
Electrical Engineers, Savoy Place, 
London. W.C.2. 

Date: January 12. Time: 5.30 p.m. 
Lecture : ‘Radar Echoes from 

Precipitation. #6 
By: J. E. N. Hooper, B.Sc., and 

A. A. Kippax, B.Sc.Tech. 

Date: January 18. Time: 6.30 p.m. 


Held at: The Central Hall, West- 
minster, S.W.1. 

Lecture : Faraday Lecture on 
** Radar.’ 


By: R. A. Smith, M.A., Ph.D. 
Radio Section 


Date: January 11. Time: 5.30 p.m. 
Lecture: ‘‘ The Relative Merits of 
Presentation of Bearings by 
Aural-Null and  Twin-Channel 
Cathode-Ray Direction-Finder.”’ 
By: S. de Walden, Dipl.Ing. and 

RU Swallow, M.A. 


Lecture: ‘‘Some Experiments on 
the Accuracy of Bearings taken 
on an Aural-Null Direction- 
Finder.”’ 


By: F. Horner, M.Sc. 


District Meetings 


Date: January 23, Time: 7 p.m. 


Held at: The Great Western Hotel, 
Reading. 

Lecture: ‘‘ Trénds in Development 
in Cee Energy.”’ 

By: T. E. Allibone, D.Sc., Ph.D., 
F.R.S. 


The Secretary, Institution of Elec- 
trical Engineers, Savoy Place, 
W.C.2. 

Cambridge Radio Group 

Date: January 17. Time: 8.15 p.m. 

Held at: The Cavendish Laboratory, 
Cambridge. 

Lecture: ‘‘ The Application of Dif- 
ferential Analysers with Electro- 
lytic Tanks for Tracing Electron 
Trajectories.” 

By: K. F. Sander, M.A. 

Secretary : G. E. Middleton. M.A., 
University Engineering Labora- 
tory, Cambridge. 

Mersey and North Wales Group 


Date: January 2. Time: 6.30 p.m. 

Held at: The Liverpool Royal Insti- 
tution, Colquitt Street, Liverpool. 

Lecture: ‘‘ Hot-Cathode Thyra- 
trons: Practical Studies in 
Characteristics.”’ 

Ry: H. de B. Knight, M.Sc. 

Secretary: A. V. Milton, 12 Beving- 
ton Hill, Liverpool 3. 

North-Western Centre 


Date: January 3. Time: 6.15 p.m. 
Held at: The Engineers’ Club, 
Albert Souare, Manchester. 


Lecture: ‘‘ Radar Echoes from 
Precipitation.”’ 

By: J. E. N. Hooper, B.Sc., and 
A. A. Kippax, B.Sc.(Tech.) 

Secretary: A. L. Green, 244 Bran- 
tingham Road, Chorlton-cum- 
Hardy, Manchester 21. 


North-Western Radio Group 


Date: January 18. Time: 6.30 p.m. 
Held at: The Engineers’ Club, 
Albert Souare, Manchester. 
Lecture: ‘* Some Considerations in 
the Design of Negative-Feedback 
es a é4 
W. T. Duerdoth, B.Sc.(Eng.). 
reli A. L. Green, 244 Bran- 
tingham Road, Chorlton-cum- 
Hardy, Manchester 21. 


Southern Centre 


Date: January 20. Time: 6.30 p.m. 


Held at: The Guildhall, Southamp- 
ton. 
Lecture : The Faraday Lecture on 
“ Radar.’ ’ 


By: R. A. Smith, M.A., Ph.D. 
te valteg A. Abbott, 82 St. 
Thomas’ Street, Old Portsmouth. 
Western Centre 


Date: January 2. Time: 6 p.m. 


Held at: The South Wales Insti- 
tute of Engineers, Park Place, 
Cardiff. 

Lecture: ‘‘ The Application of Fre- 
quency Modulation to v. HLF, 


Multi-Channel Radiotelegraphy.”’ 

By: J. H. H. Merriman, M.Sc., 
‘and R. W. White, B.Sc. 

Date: January 18. Time: 6.30 p.m. 

Held at: The Brangwyn Hall, 
Swansea. 

Lecture: As Southern Centre on 
January 20. 

Secretary: J. Vaughan Harries, 28 
St. Mary Street, Cardiff. 


Institution of Post Office Electrical 
Engineers 


Date: January 10. Time: 5 p.m. 
Held at: Institution of Electrical 
Engineers, Savoy Place, W.C.2. 
Lecture: “ Trends in the Design of 
Line Transmission Equipment.’’ 
By: R. J. Halsey, B.Se., D.I.C., 
A.C.G.I., A.M.I.E.E. 
Secretary : W. H. Fox, Engineer 
in-Chief’s Office (T.P. Branch) 
Alder House, London, E.C.1. 


Inc. Radio Society of Great Britain 


Date: January 27. Time: 6.30 p.m. 
Held at: Institution of Electrical 
Engineers, Savoy Place, W.C.2. 
Lecture: ‘“‘ The Use of v.u.F. for 

Radio Telephone Services.’’ 
By: J: Neale,  B.Sc.(Eng.), 


General Secretary, New Ruskin 
House, Little Russell Street, 
x 6 


Television Society 
Constructors’ Group 
Date: January 12. Time: 7 p.m. 
Held at: Cinema Exhibitors’ Asso- 
ciation, 164 Shaftesbury Avenue, 
W.C.2. 
Lecture: ‘‘ Some Aspects of Single 
Sideband Receiver Design. 
By: W. M. Lloyd, B.Sc., A.R.C.S. 
Main Society 
Date: January 27. Time: 7 p.m. 


Held at: Cinema Exhibitors’ Asso- 
ciation, 164 Shaftesbury Avenue, 
W.C.2. 

Lecture: ‘‘ High Frequency Cables 


in Television.”’ 
By: R. C, Mildner. 
Secretary: T. M. Lance, 35 Albe- 
marle Road, Beckenham, Kent. 
Midlands Centre 


Date: January 2. Time: 7 p.m 

Held at: Lecture Hall (1st Floor), 
The Crown Restaurant, Corpora- 
tion Street, Birmingham. 

Lecture: ‘‘Some Problems Asso- 
ciated with Synchronising Sig- 
nals.”’ 

By: C. E. Horner. 

Hon. Lecture Secretary: W. 
Summer, 81 Beech Road, Bourn- 
ville, Birmingham 30. 


The Institute for Physics 
pts oe? 
Electronics Group 
Date: January 17. Time: 5.30 p.m. 
Held at: The Institute’s House, 47 
Belgrave Square, S.W.1. 
Lecture: ‘ Fluctuation Noise and 
Recent Developments.”’ 
By: D. K. C. MacDonald, Ph.D. 
Hon. Secretary: G. W. Warren, 
F.Inst.P.. Research Laboratories 
of the G.E.C., Ltd., Wembley, 
Middz. 


British Sound Recording Association 


Date: January 27. Time: 7 p.m. 

Held at: Royal Society of Arts, 
John Adam Street, W.C.2. 

Lecture: ‘‘ Magnetic Tape, its Pro- 
perties and Measurement.’’ 

By: G. F. Dutton, Ph.D., D.I.C. 

Hon. Gen. Secretary: Richard W. 
Lowden, ‘‘ Wayford,’’ Napoleon 
Avenue, Farnborough, Hants. 


British Institution of Radio 
Engineers 
London Section 


Date: January 19. Time: 6.30 p.m. 

Held at: London School of Hygiene 
and Tropical Medicine, Keppel 
Street, W.C.1. 

Lecture: ‘‘ The Performance and 
Stability of Permanent Magnets.’’ 

By: A. J. Tyrrell. 

General Secretary: 9 Bedford 
Square, W.C.1. 
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Equipment 
without 
Equivalent 


MARCONI TEST EQUIPMENT is without 
equivalent. Signal Generator TF 801A, 
A \ ae for instance, has the unique feature of contact- 

The Marcom ; less waveband selection thereby eliminating 
GN AL the variable factor of r.f. contact resistance. The instrument, which is 
S\ steadily growing in popularity, has a range of 10-300 Mc/s and a maximum 


Hay ER ATOR output of 0.2V r.m.s. at a source impedance of 750. A.C. mains operated, 






it provides both wide and narrow band modulation — internal and 
e€ af F 80\ A external — is directly calibrated in frequency and is fitted with an incre- 
mental control. Truly a distinguished example of Marconi ascendancy 
in signal generator design. Full specification available on request. 


Typ 





MARCONI INSTRUMENTS LIMITED 


ST. ALBANS, HERTFORDSHIRE - Telephone: St. Albans 6161/5 


Northern Office: 30 Albion Street, Hull - Western Office: 76 Portview Road, Avonmouth . Midland 
Office : 19 The Parade, Leamington Spa - Southern Office & Showrooms: 109 Eaton Square, London, S,W.1 


RECISION DRAWN 


Please ask for folder 
“SUMMARY OF 
COMMUNICATIONS TEST GEAR” 















In our production of waveguide tubing, 
technique has more than kept pace with 
the demand for greater accuracy which the 
use of higher frequencies has brought. 





Close dimensional tolerances, internal ee J 
angles of minimum radius and an ex- . , “¢ 
Bee gs : ap YREEDOM FROM 
‘ ul = 
tremely high internal finish are character. mj DISTORTION THROUGH- 


istic of our product in all its many 
combinations of material and size. 


OUT WHOLE LENGTH 


MINIMUM RADIUS OF 
INTERNAL CORNERS 





Data sheet 2491 gives full details of our 
ef Copi aa ig dae CLEAN BORES— 
present range. Copies are freely avail- FREE FROM GROOVING 
able upon request. AND SCRATCHING 


One of the specialised products of J ohns on ip 
Matthey 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, €E.C.1 
GD 136 Telephone: HOLSORN 9277 
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SULLIVAN-GRIFFITHS 
PORTABLE UNIVERSAL AC-DC BRIDGE TESTER 


FOR DIRECT READING MEASUREMENTS OF 
RESISTANCE, INDUCTANCE, CAPACITANCE AND CONDUCTANCE 


RANGES RANGES 
RESISTANCES CAPACITANCE 
AC. & DL. 30 pF to 30 uF 


0.3 ohms to 
3 megohms 


CONDUCTANCE ghee 
0.3 micromhos to LH to 
3 mhos 
ACCURACY ACCURACY 
I per cent I per cent 











List No. AC900—-Universal AC-DC Bridge Tester (with self- 


H. W. SULLIVAN — “Ete 


L | M | T E D List No. AC90I—Simple model for AC measurement of 
capacitance, resistance and conductance 
LOND ON ’ S.E.15 only (also with self-contained source) 
a2 1) 8 


Teiephone : New Cross 3225 (P.B.X.) 








From the first great adventure of 
wireless communication half a century 
ago, the story of Marconi has been one 
of successive achievement. Wireless 
telegraphy, wireless telephony, broad- 
casting, television, radar, wireless navi- 
gational aids at sea, on land, and in the 
air — Marconi’s have played a pioneer 
part in their development. With a vast 
accumulation of knowledge and experi- 
ence behind them, Marconi’s are now 
engaged on new developments which 
will more than maintain their shining 





MY if with PIAA \ \Wai.\\ \ \ reputation. 
Vd 7 ” sai . P yas 


EE | 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, CHELMSFORD, ESSEX 
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The Metrovick 
Stabilised D.C. Power Wnit 


N laboratories and meter testing 

























stations there is often a demand 
for a highly stable d.c. voltage supply. 
The Power Unit, Type 222, has been 
produced to satisfy this demand. 





SPECIFICATION 

Supply : 2oo/2g0V, A.C., 50 c/s, 
single-phase. 

Output: Between 660 and 680 volts 
D.C. (fixed) at up to 250 mA. 
Stability: © Maximum drift over 10 min-4 

parts in 100,000. 
Maximum drift over 1 hr-1°5. 

parts in 10,000. 
These figures apply for mains 
input changes not exceeding 
+ 5% after warming up 
period of two hours. 

Output Impedance: Better than 0-1 ohm. 
Output Ripple: Approximately 2mV r.m.s. 











. Stabilised D.C. Power 
Unit, complete with 
Voltage Divider Type 292 





METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 


TRAFFORD PARK, MANCHESTER 17 





R/E go4 
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A CAPACITOR... 


for the 
tightest 
of 

TIGHT 
CORNERS 






















Actual 





photograph 
TYPE W99 
MOULDED 
TRULY Thereare more 
MINIATURE than two hun- MET ALLISED 
dred Type W99 PAPER 


Capacitors piled on this (HUNT'S PATENT) 


standard match box! An- 
other new development by 
Hunts to meet the increas- 
ing needs of designers and 
manufacturers for a quality 
capacitor for use in 
light weight, compact 
equipmentemploying mini- 
ature valves and for T.V. 
equipment. 


STANDARD DIMENSIONS. 
3/16” dia. x 7/16” long 


RANGES. 
150v D.C. 0.004uF to 


0.01 uF. 
350v D.C. : 50 pF to 3000pF. 
(additional capacitances at 
higher working voltages 
will be available shortly). 


TEMP. RANGE. 
SPECIAL Now available —I5°C to +71°C. 
NOTE in the W99 iR. Better than 20,000 
range and in megohms. 


the same standard dimen- 
sions—1!000 pF 250v. A.C. 
wkg. at 71° C. 

As a decoupling capacitor, 
this is suitable for a fre- 
quency range of 50 c.p.s. 
to 100 mc’s. 


SELF-HEALING. 


Full details of ali 
Hunts types, sam- 
ples and advice on 
any capacitor ap- 
plication, gladly 
suppliedon request. 


REGISTERED 


CAPACITORS 


THE TRADE MARK OF RELIABILITY 








METALLISED PAPER. 
PADDERS ETC. 


FOIL & PAPER. 
TRIMMERS. 


ORY ELECTROLYTICS. 
STACKED & SILVERED MICAS. 


A. H. HUNT LTD., WANDSWORTH, LONDON, S.W.18 
Tel. : BATtersea 3131 Established 1901 
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A TELCON CABLES are 
scientifically designed. EVERY 
COIL iS TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLES are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
designed for every Receiver and for all 
reception areas—PT1M Co-axial for high 
signal strength and AS 60M Co-axial for 
“ fringe’ areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd . 
Founded 1864 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 314! 


Enquiries to: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 329! * 
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Ina typical case, a conventional battery occupying 18 cu. ft. 
of space was replaced by a Nife battery of identical capa- 
city but only needing 14 cu. ft. Moreover, as the gas 
produced by a Nife battery is innocuous, no separate 
battery room was needed. This compactness of Nife Bat- 
teries is only one of the reasons for choosing Nife for 
switchgear operation. In addition, Nife is made principally 
of steel, and so is chemically and physically almost inde- 
structible. Nife is also unaffected by the heaviest rates of 
charge and discharge, and so is electrically most reliable. 
Many records show that it costs practically nothing to 
maintain a Nife battery. That’s why so many are in use in 
the main grid power stations. (N.B. Nife batteries are not yet 


available for private cars or domestic radio.) 


CUT YOUR COSTS WITH 





STEEL BATTERIES 


NIFE BATTERIES * REDDITCH - WORCESTERSHIRE 


TELCON’S LATEST MAGNETIC 
DEVELOPMENT 








@ ntow avatlatle tu 
commeonial guanttner 


B (KILOGAUSS) 











“HGR” 
ALLOY TYPICAL 6i— 
D.C. HYSTERESIS ( ane 
LOOP 
10} 4 
5 4 
h H 
3 2 1 i 2 3 


3 
(OERSTEDS) 


5 
Saturation 15,600 Gauss 
Remanence 14,800 Gauss 
Coercivity about 0.2. Oersteds 


10 


= 


B (KILOGAUSS) 














The magnetic properties of this alloy 
make it suitable for mechanical 
rectifiers, magnetic amplifiers and 
special forms of reactors. 


Founded 





lull technical details on request from : 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 
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8 a. _ high speed oscillograph 


The illustration shows the 
optical system and drum 
camera of ME64 six-channel 
recorder. 





SOUTHERN IN 


s 7/36 





Mounting MOVING - COIL 


interchangeable for d.c. 
with the 33-inch round 
flush pattern RECTIFIER 
for a.f. 
FIRST - GRADE TO 
B.S. 89 
THERMAL 
Dimensions to 
for h.f. 
K. 113 


May be illuminated 


dial Leaflets 101 & 101A 





4-INCH FLUSH MOUNTING OF PARTICULAR APPLICATION TOJELECTRONIC TEST GEAR 


Also 23-inch and 33-inch round patterns and 6-inch portables 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Northern Agents: F.C. ROBINSON & PARTNERS LTD., 308 Deansgate, MANCHESTER, 3. 
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ible one is the name of a range 
pies ? of the handiest ‘ hook’-up wires 
sy! in the radio and electronic fields. 


Obtainable in single and stranded conductors 
and a wide range of single and multiple colours 


May we send you samples and technical details ? 


fe] THOMAS DE LA RUE & CO. LTD., Plastics Division, Imperial House, Regent Street, London, W.|}. 


i LEE AEE TERR RCS 











TELEVISION MODEL 240K 
PATTERN GENERATOR | paccunceumer 





40-70 Mc/s, directly cali- 
brated. 
OUTPUT VOLTAGES 
Approx. 50 mV., 5 mV. and 
500 mV., at end of a 75 ohm 
co-axial cable. 
MODULATION 
Horizontal bars, vertical 
bars, unmodulated. 
POWER SUPPLY 
100-125 and 200-250 volts 
40/100 c/s. 
LIST PRICE £14.0.0 
EARLY DELIVERY 














other products include: 

Multirange A.C. D.C. Test Meters @ 
Signal Generators @ Valve Testers 
e@ A.C. Bridges @ Circuit Analysers 





ILLUSTRATED CATALOGUES OF ALL TAYLOR PRODUCTS GLADLY @ Cathode Ray Oscillographs @ 

SENT ON REQUEST High and Low Range Ohmmeters 

TAYLOR ELECTRICAL INSTRUMENTS LTD Se a ee 
419-424 MONTROSE AVENUE, SLOUGH, BUCKS. ENGLAND Testers @ Moving Coil Instruments 

Tel. SLOUGH 21381 (4 lines) - Grams & Cables TAYLINS, SLOUGH 
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THE NAGARD TYPE 103 OSCILLOSCOPE & Oscillometer 


FIVE INSTRUMENTS IN ONE! 


INCREASES EFFICIENCY — DECREASES COSTS 








a 1 A VERSATILE, easily operated THE unit construction of the Nagard 
means of displaying, measuring T7ype 103 adds even more facilities as 
and recording all kinds of D.C. and when you need them. 
and A.C. phenomena. All measurements are aided by the 
ability to see on the 5 in. screen a steady 
FREQUENCY METER accurate undistorted picture of the signal under 
to 2 per cent up to 10 Mc/s. observation. 


The simple controls facilitate easy ob- 
TIME INTERVAL METER J seryations and pleasurable work. 


down to 0.1, secs. 


VOLTMETER—10mV to 1000 
V.D.C. or A.C. to 10 Mc/s. 


NEW TYPE D.C. AMPLIFIER 
—voltage calibrated—high gain. 





Phone : Grams: Intertel 


BRixton 3550 _ 245, BRIXTON ROAD, LONDON, S.W.9.  claproad, London 








EVEN THE EXPERTS 
SAID IT WAS IMPOSSIBLE! 


HE problem was to produce a portable Pattern Generator which would simulate the 
B.B.C. wave form without employing hundreds of valves and involved circuitry. And the 
experts shook their heads and said it just couldn’t be done! 


Well, it has been done — by Murphy, of course, who have accomplished the seemingly im- 
possible in their-TPGII, using only a handful of valves, yet giving a test pattern with all the 
correct timing pulses, etc., enabling a television 
receiver to be tested and fully adjusted when the 
B.B.C. is not transmitting! Checking for inter- 
lace, picture size, linearity and other awkward 
problems is possible with the amazing TPGII. 


F. LIVINGSTON HOGG 


65 BARNSBURY STREET, LONDON, N.I. 
and at WRITTLE, ESSEX 
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OPERATING 


miniature 
PUSH BUTTON SWITCH 


ATYPE APPROVED COMPONENT 4 , 


PAINTON & CO LTD: KINGSTHORPE - NORTHAMPTON : TELEPHONE: 2820 





TUNGSTEN MOLYBDENUM 
Wire Rod for Contacts 


Rod for Contacts Valve Stems 
Rod for Valve Seals and Supports Grid and Mandrel Wire 
Electrodes for Therapeutic Apparatus Support Wires and Rods 
Atomic Hydrogen Arc Welding Rods 


Rod and Wire for Metal Volatilization 
processes 
Hammered Slabs Sheet, Strip and Foil for all purposes 


Wire for Furnace Windings 
Hammered Slabs 


Sheet, Strip and Foil Sheet for Furnace Boats 


We also supply Tungsten, Molybdenum, and Tantalum Metal Powders, Titanium Hydride, 
Zirconium Hydride and many oth2r metallurgical products 


BOOKLETS ON REQUEST 


TELEPHONE RAINHAM ESSEX 240 





Flectronic Engineering 





i A parcel containing 100 popular assorted 
values for } watt type, 6/-, or $ watt, /9. 
Denco Maxi “Q.” High “Q” with miniature size 
Litz wound on Polystyrene Formers with adjustable 
Iron Dust Cores. Aerial, H.F., or Oscillator for 465 
Ke/s. or 1.6 Mc/s. Range covers all wavebands from 
3.6 to 2,000 metres. Wiring diagram. Prices : Chassis 
acca 3/9 9 (wth _— 4/9) ; Octal fitting pin base, 
(with 
Denco T.R.F. Matched Pair hag we and Lo es 
i Matched Pair ie i 
oy Matched Pair S.M, and 
L. Waves, Ary or i pair. All types Wearite “ 
Coils, “ys each, in stock. Weymouth Midget I+ in. x § dia., Iron Core, Aerial 
HLF. or Osc., 3/6 each. 
Electrolytic Capacitors B. E. c Midget Can ieee. uw St Or 450 Af ii in. ef in. 


dia.), 2/6 ; F 450 V (1# in. | in. dia.), 4 8 1} V (If in. 

dia.), 4/6 ; ‘sD 350, 2/6 (450 V, wt luk 50 Ct ie. x le dia), 3 : 
—, * Drilitic’ Card Tubular, 44F 500 V V, 4/-; louF 
500 V. ; B.L. Can, standard size, Sur 500 V, ‘sin & uF ON, 5/-; (eae 


500 V, 4/ 3: 16-16uF 500 V, 5/3 ; 32uF 500 V, 5/-. All New Stock, 

Osmor ‘Midget Coil Pack. "Size 3h in 24 in. 1} in. covering S.M. and L. 
Waves. Coils wound on Polystyrene Formers with adjustable iron cores ensures 
efficient performance. Factory wired and aligned. Price including full circuits, 
for Superhet 465 Kc/s. Unit 33/-. Also available for T.R.F. circuit covering 

. and L. Waves, 30/-. 

Output Transformer—Stern’s. Midget |} in. ? in. | in., ratio 60:1, 4/6 (or 
ratio 90:1, 4/6). Elstone Multi-ratio (over 12 ratios, some C.T.), 5/6 watts, 7/6. 
Stern's Heavy Duty Multi-radio, all C/Tapped, handles 13 watts and suits 
P.X.4s, 616s, etc., 25/6. 

LF. e7" Midget 10 Hy. 250 ohm 40 ~~ 3/6; 15-20 Hy. 250 ohm 60 mA., 
6/6; 300 ohm 100 mA., 12/9 ; y. 50 ohm 250 mA., 18/6 ; 20 Hy. 
250 Fa + mA., 18/6 ; 9 Hy. 250 obm 1 mA, 8/6. 

Aluminium Chassis. Substantially made of gauge 16 Ss. W.G. with four sides; 
4 te 4 in. 2 in., 3/3; 9 in. 5 in. 28 in., l=; in X 6 in. X 2$ in., 

<8 in. x 28 in., 5/6; 12 in.x9 in. 24 in., rng * ede 9 in. » a fn, 
gi’: 16 in. x8 in. > 2h in., 7/3; 16 in. x9 in. x 34 

Meter Rectifiers, Westinghouse, 250uA, 11/6. | kc “ie ¢ 5 mA., 4/9. 

Selenium Rectifiers. H.T.L. Wave, 250 V 50 mA., 5/*, 200 V 100 mA., 5/9 ;. 
250 V 100 mA., 7/6. Bridge Rectifier 6 V1 amp., 6/ 3. 12 V 14 amp., 12/6. 
12 V 3 amp., 7/6. 12 V 5 amp., 25/-. 24 V 3 amp., 23/6. 72 V 5 amp., 37/6. 

er Transformers. Each has an input of 230 volts. Outputs : (a) 24 volt 
tapped 15 V, 9 V, and 4V, at 3 amps., 21/6 ; (b) 30 volts tapped 15 V and 9 V at 
3 amps., 22/- : (2) 15 volts peed 9 V, at3 amps., 14/3 ; (d) 12 volts at 14 amps., 
11/3 ; (e) 15 volts tapped 9 V at 6 amps., 19/ 
Valve Heater Auto Transformer. Step up or Down : (a) 2 V, 4 V, 5 V or 6.3 


STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4. 
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volts at 3 amps., 9/6 ; (b) 0-4 V 3 amp., 0-5 V 2amp., 
6/-; (c ) 0-4 V 3 amp, 0-6.3 V 3 amp., 6/-. 
ilament Transformer. Inputs 230 volts, outputs 
6.3 V, th amp., 7/6 ; 4V 1} amp., 7/6 ; Input 200/250 
V, output 4V (c. ae ) 14 amp., 4V 2 amp., 6.3 V 2 amp., 


Denco Chassis Cutter. “c ) between } in. and 
24 in. dia., used with Hand Brace, 7/6. 

A Midget T.R.F. Battery Portable “‘ Personal ” Kit. 

A complete Kit of Parts to build a Midget 4-valve 

All-dry Battery Personal Set. Consists of Regenerative 

T.R.F. Circuit employing Flat Tuned Frame Aerial, 

with Denco Iron Dust Cored Coil, thereby ensuring 
maximum gain for Single Tuned Stage covering Medium "Waveband. 

Valve Line-up : 1T4(R.F. Ampl.), 1T4 (Detector), 1S5 (Ist A.F.) and 384 (output) 
Includes latest Rola 3 in. Moving Coil Speaker, and a Chassis already drilled and 
shaped. A consumption of only 7 mA ensures long battery life. The Kit is 
designed for @ cabinet, minimum size 64 in. 43 in.x3 in. Detailed Building 
— with Practical Layout and Circuit included with Kit make assembly 


Price for Complete Kit £3/18/9 (plus 16/7 P.T.). Suitable unpolished Cabinet 
6} in. x 44 in. x 3 in., 12/9. Ever Ready B114 Battery, 9/7. Building Instructions 
Circuit, etc., supplied separately, 1/6. 

“ Wireless World” Midget A.C. Mains 2-Valve Receiver. We can supply all 
the components, including oh es and M/Coil Speaker to build this set as specified 
in the March issue at a total cost of £3. Reprint of detailed assembly instructions 
and circuit supplied separately for 9d. 

We can supply all the Components including Valves, M/Coil Speaker, etc., to build 
a Midget A.C./D.C. Mains T.R.F. 3-Valve (plus Metal Rectifier) Receiver as 
designed and specified by a popular Technical Siseation, at a total cost of £4/17/6. 
A reprint of the assembly instructions, and layout available for 

“ Electronic Engineering ” Valve Voltmeter. by can supply the Complete 
Kit of Parts, including the Valve, Diode and Meter, etc., to build this 
instrument, as published in the January issue of ‘ ‘Electronic Engineer- 
ing,” complete with a reprint of the wiring diagram and eed 
instructions (supplied separately for 9d.) at a total cost of £3/ 

TELEVISION !! The “Vi ”” Televiso’ assembly Sneccsihiaas seiliae 
Wiring Diagram and Practical Component layout, now available for, 5/-. We 
have the specified C omponents, including the T.C.C. —Bulgin—Morganite—W.B > 
—Westinghouse—Plessey—Colvern, etc., outfits in stock. Separate Components 
also available. 

“ Electronic Engi ing” Televisor. Complete range of specified Components 
in Stock, instruction “a | y booklet for 2, 

*Send 23d. Stamp for our Comprehensive Stock List. When ordering please 
cover packing and postage. 


Telephone : CENtral 5814 and 2280 























MAKERS OF 


R.F. E.H.T. SUPPLIES 


for 


TELEVISION (2-25 KV) 
8S Tice ch ciasccaey 095.06. 


dt Lee Ge 
(Trade supplied) 


PORTABLE NON-DESTRUCTIVE 


BREAKDOWN TESTER 
CONTINUOUSLY VARIABLE 2-25 KV. 


LABORATORY MODEL 
HIGH VOLTAGE GENERATOR 
STABILISED 15-25 KV. 


AVAILABLE IN THE NEAR FUTURE 


Stabilised and variable supplies at 
so KV. and higher. 
Specific enquiries invited. 


HAZLEHURST DESIGNS 
LIMITED. 
186, BROMPTON ROAD, LONDON, S.W.3 





BRAND NEW COMPONENTS 


MAINS TRANSFORMERS 
Two heavy duty types. Ideal for TV or amplifiers. Normal 
50 cycle primaries. 200-250 volt. 
Type A. 400-0-400 volts, 300 mA, 6.3V 4A, 5V 3A, 4V 3A, 
2V 1A, 2V 1A. Wire ends. 
Type B. 280-0-280 volts 190 mA, 6.3V 9A, 5V 3A. Tag 
oard connexions. Either’ type £2 each. 
BLOCKING OSCILLATOR TRANSFORMERS 
Made by famous company especially for TV. Not an ex-Govt. 
transformer made for another purpose. 
Line ratio 2.2: |. 
Frame 3: |. 
PAPER CAPACITORS 
TCC Type 82. 8uF 400 volt, 4/-. 
Type 92. 8uF 750 volt, 7/6. 
Aerovox. 8uF 1,000 volt, 5/-. 
Sprague Tubulars. 001 LF, OluF. 
Both 1,000 volt. “ F 750 volt. 
0.1 mfd. 350 volt. | 6d. each. 
0.25 mfd. 350 volt, ta. each. 
0.25 mfd. 500 volt, 9d. each. 
SMOOTHING CHOKES 
Ex-Govt., 6H 70mA, 3/9. 10H 200mA, 7/6. RI, 200mA 20H, 12/6. 
OUTPUT TRANSFORMERS 
RI high-grade push pull, 28:1. 20 watt. Max. primary current 
65mA, e 
LF. TRANSFORMERS 
Wearite miniature, Type M400B, 465 Ke/s., 15/- a pair. 
RESISTORS 
Complete range available. See our list for full range of values in 
stock. Only good makes supplied. 
+ watt, 2d. $+ watt, 3d. 2 watt, 9d. 
TELEVISION 
Full range of components stocked for the Electronic Engineering 
and Viewmaster designs. 
Our complete catalogue gives details of a wide range of 
components at attractive prices. A copy will be sent upon request. 


M. WATTS & CO. 


8, Baker Street, Weybridge, Surrey 
Telephone: Weybridge 2542 


Either type 6/-. 


| watt, 5d. 
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ALL COMPONENTS SUITABLE FOR USE IN THE E.E. 
TELEVISION RECEIVER SUPPLIED FROM STOCK 


Complete chassis assembly fitted with valve holders, sockets £413 9 
As above less valve holders, etc. 42 17 6 


Sound receiver chassis with valve holders andcoil formers ai 18/9 
Vision receiver chassis with valve holders and coil formers fitted 22/6 
Sound receiver chassis less valve holders, etc. had wh 15/- 
Vision receiver chassis less valve holders, etc. axe mpl 15/- 
Time base chassis with valve holders, etc. me eal site 17/6 
Time base chassis less valve holders, etc. was ae aes 15/< 
Power chassis with valve holders, etc. ... wae an aie 25/= 
Power chassis less valve “ja er ee axe <a 17/6 
Gantries and control panel : as ‘ee ude ane 10/- 
Haynes focus coil F9I2H_... aa bee ov ‘i .. 36/= 
Haynes scanning coil S914 aa cap vy ae 
Haynes Output transformer TW6/126 ... a ade “x 36/= 
Haynes EHT transformer 4 KV. TJ18/4000_... tne ated 70/4 
Haynes EHT transformer 5 KV. TJ18/5000__.... a sn 73/4 
Woden Mains Transformer ota ee £418 6 
Woden I0H 80 mA choke ice nt oe he a 17/= 
Woden 5 H 250 mA eae ee a 
Complete set of coils for London ‘frequencies ais es ae 15/- 
Complete set of coils for Birmingham frequencies _... ave 17/6 


are 
we Bo-— 


LT 


Shop Hours: Monday—Saturday, 9 a.m.—6 p.m. 


TELE-RADIO (1943) LTD., 
177 EDGWARE ROAD, LONDON, W.2. 


Cathode Ray Tube Ferranti 12 in. aus os £15 2 5 
<< » » Mazda CRM-121 12 i in. sa di £18 2 § 
ue » 9 Mullard 12 in. BS aa uae £15 2 5 
ms ey A ae ee oe £il 6 9 
‘i » vo» Mazda CRM92 ud at aa £11 6 9 
in » oo Mullard MW22-14C . said £ii 6 9 
ee » oo» Masks for 12 in. tube ‘White. ioe 21/6 
” oo” » oo I2in. ,, Black 18/- 
“f a aah < 42, o> See 11/6 
be a. a -— «.  - ee oan 9/6 

Haynes EHT RF Oscillator unit.-variable from 5-8 KV. ... £5 8 0 

All specified resistors } and 4 watt carbon 4}d. each 

All TCC specified capacitors at list prices. 

Complete set of Colvern wire-wound potentiometers 42 0 9 

All valves available from stock. 

Book of Instruction (London) a : ts me ie 2/6 

Point to point wiring diagram (London). or 2/6 

Book of instruction samedi begee eects with \ point ‘to point 
wiring diagram es . 4/6 


When ordering please include sufficient for postage and packing. 
Send for complete price list of components (2}d. stamp). 
When ordering masks please state type of tube being used. 


Thursday, 9 a.m.—I p.m. 




















Doves LL 





18, TOTTENHAM COURT ROAD, LONDON, W.! 


Tel. MUSeum 2453. Shop Hours: Mon. to Fri. 9—5.30. Sats. 9—I. 


ELECTRONIC ENGINEERING TELEVISOR 
Home Built Televisor booklet (Sutton Coldfield Reception). Compfets 


with wiring diagram (Postage 2 4/6 
Home Built Televisor b booklet (London area Reception) .. (Postage 4 } 2/6 
Wiring diagram for London area booklet .. (Postage 2d.) 2/6 

VIEWMASTER 


Complete assembly instructions for building the ““ VIEWMASTER "— 
the television set you can bi — at “7 rom ranges vate (London 
area only) ... sus ie ‘ostage 3d.) 5/- 


WIRELESS WORLD 


7 [ss pa Receiver Construction.” A reprint of ten articles in Wireless 
covering the construction of a TRF Televisor. (Postage 2d.) 2/6 

” Sup to en: ol Television Unit.” A reprint of two articles describing 

a long-range receiver for use with the Wireless World Televisor 


(Postage 2d.) 2/6 

T.C.C. 
001IuF 6KV. D.C. wkg. Visconal CP55QO ete AB 
OlwF 5SKV.D.C.wke. ,, CP eet er em caNe | 
-WWF 2KV.D.C.wke. ,, CP56 een) ase, hat ay ee 
Ur PRN RIN WON ge ORI) = ise ae tae se 
lwF 350V. D.C. wkg. Picopack CE30N sae: eek aaa eed. ae 


ALL “ E.E.”” TECHNICAL BOOKS IN STOCK 





PAD 6116/5606 AMB. 5393 
2 pbF_ 150V. D.C. wkg. Picopack CE30G Bai d' ites eee 
20uF 12V. D.C, wkg. » CBsOB eee 
Complete set of T.C.C. Cond s for Vi . £6 15s, Od. 


ALEC aves 


SCANNING EQUIPMENT 


Scanco scanning coils for 9-in. or 12-in. CRT... . (Postage 9d. o~ 4 25/6 
Scanco line output transformer, ratios 44:1 ; max. D.C. 75 mA 
(Postage 9d.) 25/6 
Scanco focus coil for 9-in. or 12-in. CRT. Max. D.C. 40 mA 
(Postage 9d.) 30/- 
Scanco may hese coil for 12-in. CRT. 25,000 turns .. . (Postage 1/-) 35/- 
Bel Ticonal Focus Ring. A permanent magnet focus ring to suit any 
type of standard 9-in. or idin. CRT. ae model ar 








on view) on ie . (Postage 1/6) 37/6 
Complete set of Plessey i for Vie r (Postage 18) £5 12s. 6d, 
COILS 
Wearite i ed coils for Vie (Postage 6d.) £1 Os. Od. 
Bel Sound Television coils, ‘i marked and boxed Postage 6d.) 
Electronic Engineering Televisor (London) ... aes a. «15/6 
Electronic Ei "pase on See 
Wireless World TRE (Lon ae nee 
Wireless World Soaks 7... or B'ham.) ae tia, ee ae 
MISCELLANEOUS 
Set of estinghonse rectifiers for Viewmaster (Postage 6d.) £3 2s. 6d. 
” in components % ae Pare” 12/6 
a Belli & Lee components ,, a ee 716 
» Whiteley components ‘ a ily  @hee 
» Morganite resistors a o ie ta iia 
» Colvern wire wound pots __,, Se: Te sees 19/3 


VALVES & C.R.T.’s 


Mazda 6P28 21/4 Mullard Ley at 1 Cossor 451U 18/3 


” ig 15/11 ” 2/1 » 3130 7/6 
af 12/10 »  EBC33 11/7 Osram KT61 = 12/10 
e Ponds 12/10 »  EL33 12/10 DH63_—s 11/7 
»  Pen46 GEC 6501 £11 6s. 10d 


18/3 Bs we 
» CRM 121, £15 2s, Sd. Mullard MW22-14C, £11 6s. 10d. 


FULL POSTAL FACILITIES. PLEASE ADD POSTAGE. 
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STENTLY 
L 


PULLIN 


INDUSTRIAL 
MEASUREMENT 


Linear Scale Bridge- 

type Ohmmeter, with 
press key, designed for 
routine production § testing 
of all resistive components. 
For battery or A.C. mains 
operation. (A.C. mains 
Operated instruments § are 








compensated for voltage 
variations up to — 15%.) 
Designed and constructed 


to withstand severe indus- 
trial use. Available as single 
or multi-range. 


Standard pattern four-range 
instrument reading 0/10, 
0/100, 0/1,000 and 0/10,000 
ohms ; thirteen other mcdels 
available. 


Series 85 Industrial 
Een.h Type Ohmmeter 


Address all enquiries to 


MEASURING INSTRUMENTS (PULLIN) LTD 
Electrin Works, Winchester St, London, W.3 
=D 


Telephone: ACOrn 4651/3 & 4995 














C eeaiiesienea eel 
ae 


——~ from the range 1® instruments 





Model 44 SuBSTANDARD 


MULTI-RANGE METER 


A self-contained 
precision instrument for 
general laboratory use 
and for calibrating first 
grade single and multi- 
range meters. The 
accuracy on the 44 ranges 
is Substandard on d.c. 
and within + 0.5% on a.c. 
These meters are made : }j 
with the greatest care and 
have been supplied for a 
number of years to the 
leading laboratories at 
home and abroad. 














ELECTRONIC INSTRUMENTS LTD 


17 PARADISE ROAD: RICHMOND - SURREY 
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13” PROFESSIONAL 


Tow -E.R.D. 


High Fidelity Sound on _ Disc 
Recorders for every Purpose 


Particulars from 


Ss. G. BROWN LTD. 


SHAKESPEARE STREET 
WATFORD, HERTS, ENGLAND 


Telephone : Watford 724! 




















"PEN STENCILS 


ASK West’s advice on: 
Drawing Office Equipment 
Sensitized Papers 
Blue Prints and Dye Line Prints 
True-to-scale, Prints 
Surveying Equipment 


We can help you from start to 
finish 


A. WEST % PARTNERS LTD. 


36 BROADWAY, WESTMINSTER, S.W.! 








t 


nantes 


; 





J 
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~ | BUILD YOUR OWN 
Scophony | LT. UNIT 


TRANSFORMERS & CHOKES SKV. 3KV or I-7KV 
designed and_manufactured to from 

suit your specific needs 350-0-350 volt input 

using standard mains 

transformer and 











HERMETICALLY 
“Westeht”’ 
i SEALED TYPES ita = 5 oe 
~up tol KVA. voltage multiplier circuit 
The circuit is simple, easily constructed and 
$ readily extended or adapted to follow ee 
H DOUBLE and ments in the receiving equipment. No E.H 
j transformer or R.F. oscillator and rectifier a 
| baittin AUTO-WOUND needed and the additional burden on the mains 
" Hi / l | transformer is less than ImA, 
: sth OIL/AIR 
a Sealed Transformer i COOLED TYPES lw ESTINGHO USE| & 






-up to 50 KVA. 
(Single or 3-phase) 





ESTALITE 


36 E.H.T. RECTIFIERS 





























» 
Full details are given in ‘‘ The All Metal Way,’’ a copy of which may be 
obtained, price 6d., from Dept. E.E.1, 
Send your next enquiry to :— 
SCOPHONY-BAIRD LTD., (Division 6) WELLS, SOMERSET: WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 
ed Telephone : WELLS 2 82, York Way, King’s Cross, London, N.|I. 





aes 


EO-AXK annetises RE CABLES 











The active Radiochemist 


The radiochemist who expends time and energy in 
obtaining amplifiers, scalers, ratemeters, radiation 
monitors, Geiger-Milller tubes and lead castles from 
separate sources is certainly active. He could, however, 
save himself time and trouble by obtaining all nucleoni- 
equipment from the specialist firm of E. K. Cole Ltd. 
We invite all radiochemists to write for our com- 
prehensive catalogue of laboratory supplies, which 
includes specifications, prices and delivery dates. SMMEDIATE 

/ DELIVERIES 


FOR HOME & EXPORT 


BASICALLY 
BETTER 












The Ekco range includes :— 


Linear Amplifier type 1008A - Scaler 
Unit type 1009A - Power Unit 
type 1033A - Ratemeter type 1037A 
Vibrating Reed Electrometer type 
1079B - C.R. Oscillograph type 1089B 
Radiation Monitors type III8A, 
1132A and 1043C. 


ror RADI 





General Purpose G.M. tube - Liquia 
7 type G.M. tube - Immersion type G.M. 


tube - Gas Analysis G.M. tube - Square 
Lead Castles for End Window G.M. 
tube - Circular Lead Castles - Rabbit 
Lead Castles - Isotope Containers 
Interlocking Lead Bricks 


— & K. COLE LTD., ELECTRONICS DIVISION 5 VIGO ST., W.! 








1384 CROMWELL ROAD 
LONDON SWI 






TIVETCNs LTD. 


CONTRACTORS TO HM COVERNMENT 
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RELAYS 


AND 


KEY SWITCHES 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 
Types 600-3000 Relays — Siemens High Speed 


unattenuated and variable from Uniselector Switches, Carbon Insets, Telephone Components 
1 pV to 100 mV into a 75 ohm Plugs, Jacks, Handsets, Co-Axial Cables 


load through a matched trans- J A Cc K D A Vv ] Ss 


mission line. 
Srey Field: Less than 3yV at Dept. E.E. 


emtacees Dial: Total scale 30 P E R c i Ss TR E E T, L oO N D Oo N, Ww. i 


length, 30 in. : 
Power Supply: 110 — 210 — Phones : MUSeum 7960, LANgham 4821 


VISION in Design... : 


| ADVANCE Signal Generator | 


Type E.2. | 













Range: 100 Kc/s.—100 Mc/s, 
iné and s. 
cael Guaranteed within 


Output: Approx. | volt 


Wi 





30 — 250 voits. 40-100 c/s. 
open oS! in. a‘ x 











were ITIOUS ENGINEERS 


E2 has been designed with an eye to yp ling wR) he lg rap I MR Se 8 Ss” 


future developments in the Radio This generator offers an instrument Whatever your age or experience—you must read this 


and Television fields. Its wide range f lab 
of frequencies, from 100 Kc/s to “a ae. pon ph gE arma in petiedare of AMLCE ERM Lech. tet 
it.LR.E., ‘and other importan' 


100 Mc/s on fundamentels, catersfor purses. The remarkable high 
ri portant Engineeri 
Examinations, and outlines home-study courses in all A Teocee of 


the rising frequency requirements frequency accuracy of +19 
of modern radio and communica- over the whole » Rg <tnne Givil, Mech 1. Electrical, Automobile, Radie and 
° J J "Em 

Aeronautical ineering, Government - 
Draughtsmanship, ing and Plastics, Ma Rn ny 

; We Guarantee 

‘“NO PASS — NO FEE’’ 
If you are earning less than £10 a week you cannot afford to miss 





The Advance Signal Generator Type tions. 


Send for fully descriptive leaflet. 





Advante oe. 




















& reading “ Engineering Opportunities” It tells you 
SIGNAL GENERATOR I velac"se wel oxid “costs 'NOWFREE and wihou oblgnton 
) t well paid pos \w— and witho 

ADVANCE COMPONENTS LTD., . BRITISH INSTITUTE OF 
Back Road, Shernhall Street, Walthamstow, London,’ E.17 ENGINEERING TECHNOLOGY 

Tel. : LARkswood 4366/7/8 337a, Shakespeare House, 17/18 Stratford Place, 

London, W.!. 

An important RELAYS Quality 












new book 
eee. 


Radio 


For A.C. and D.C. DLIFIERS KIT %, 
Multiple-contact heavy HOME CONSTRUCTORS 


duty Relays. Sensitive A complete set of components to construct a 
é 10-watt amplifier, including Woden potted 


Relays, measuring and mains transformer. 5 valves. 10-in. speaker 


ency impulse Relays, mer- with transformer. ne of the 
itch Relays, ti highest quality. No Gov 

Frequ wid yr aia feng surplus. Three switched - Price complete 

way Says, (Pn puts, negative feed back, to the last screw 


Heating Midget Relay ML/c. electric Relays. push-pull output, tone £7 10s 
a 


control, steel chassis, Suit- 


Equipment eg Malang 
By L. L. Langton, A.M.I.E.E. An got ee LONDEX LTD. —" BEETHOVEN LT. 








ortant book on a new technical sub- Manufacturers of Relays 
fone of which the author is arecognised © ELECTRIC EQUIPMENT 
expert. His book deals in a straight- 207 AnerleyRd.London,S.£.20 SYDenham6258 CHAPEL LANE, SANDS, HIGH WYCOMBE. 


forward manner with the design of Telephone 2 1152/3 
equipment for radio frequency heating 
and also with some applications of the 
technique. An extremely useful book 


for all electronic engineers. ouR 1950 FULLY 
: 17/6 net a ILLUSTRATED CATALOGUE 
Pitman a OF HIGH QUALITY 
Parker St., Kingsway, London, W.C.2. le ELECTRONIC PRODUCTS IS 








NOW AVAILABLE 


Electronic , 
SERVICE ENGINEER’S B a R RY 


ACCESSORIES & COMPONENTS 


For Research Ink PMMEPNINCEE 
Depts., Labora- HOLIDAY & HEMMERD 
tories, Colleges, ME@h MUP NIE L may 


MANCHESTER 3 TEL 


(SHORT WAVE ) LTD. 


FIRST CHOICE 25, HIGH HOLBORN. LONDON, W.C.1 
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AERIALITE 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
possible. Send for list of the full range of 
AERIALITE R/F Cables and Feeders. 
THE D.P.O. MODEL 50—A _ new television 
Aerial. The best Aerial on the market at the lowest 
— price. Available in two types—‘‘ London ’’ and 
** Midlands,’ and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, 5 0 y. 
=———— Rigidity. (Prov, Patent 26255/48.) 


Rerialitew. 


————— __ CASTLE WORKS, STALYBRIDGE, CHESHIRE. 


Send for our booklet ‘‘ Bring the World to your Door” 
for details of all AERIALITE Products. 


iii 


III 
ttl 


| 

















SOLON electric soldering irons have proved their capa- 

city for continuous service under the most exacting 

conditions. 5 models; 240 watt oval tapered bit; 125 watt 

oval tapered and round pencil bits and 65 watt oval 

tapered and round pencil bits. Each model complete 

with 6 feet of Henley 3-core flexible. Now available 
, from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
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= 
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PLAN YOUR 
CAREER 


fhe RADIO - TELEVISION 
yg and other INDUSTRIAL 
ELECTRONIC subjects 


} ELEMENTARY & 
pA OVANGED COURSES 


DAYTIME om 
@ Principles and Practice of Radio—l1 year. 
@ Telecommunication Engineering—2 years. 
@ Electronic Engineering — 3 years (including one 
year’s practical training in E.M.I. Factories) — 


leading to C & G full Technological Certificate. 
(Next courses begin April 1950) 


@ Marine and Air Radio Officers’ Course (for 
P.M.G. Licence). 


also HOME STUDY 


@ Basic Radio @ Basic Television @ Intermediate 
Maths. @ Higher Maths. @ Industrial Electronics 


Write for FREE BOOKLET to Dept : \\ 


Associated with 
E M [ INSTITUTES c , PH 
MARCONIPHONE 
® sua 


COLUMBIA 
10 PEMBRIDGE SQUARE, NOTTING HILL GATE, W.2 ETC 





PS X\\\\\ \ 

















‘SINTREX’ BRAND 


ELECTROLYTIC 
IRON POWDER 


FOR POWDER METALLURGY 





| GEORGE COHEN SONS & CO. LTD 


co. LTD. 
51-53 Hatton Garden, 
London, E.C.1 


BROADWAY CHAMBERS 


Telephone: Riverside 4141 
ELA RDO LSA PLE AL AES ROTI IOI ESS SAS LEBEN 
EE 496/IP15 


LONDON, W.6 
ELECTRIC 





SOLDERING IRONS 
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Advance Components Ltd. 
Aerialite Ltd. 


Automatic Coil Winder & Electrical 
Equipment Co., Ltd., The... 


Baidwin Instrument Co., Ltd... 
Beethoven Electric Equipment Ltd. 
Belling & Lee Ltd. 

Berry’s (Short Wave) Ltd. 


British Institute of Sue eramed Tech- 
nology ey 


British Insulated Callender’s Cables 
Ltd. is es ‘s s hh 

British Thomson-Houston Co., Ltd., 
The ‘ * - oe c+ 

Brown Ltd., S. G. 

Chapman & Hall Ltd. 

Cinema- Television Ltd. .. 

Cohen, Sons & Co., Ltd., George 

Cole Ltd., E. K. 

Davis Supplies Ltd., Alec 

Davis, Jack 

De La Rue & Co., Ltd., Thomas 

Edison Swan Electric Co., Ltd., The 
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a better baby... 


Ihe Walter Type B.T. Switch is a mighty 
' midget. It takes up small panel space, 
and is just the switch for simple switch- 
: ing. Recently we have made some big 
| improvements in it too. Here they are: 
' A new method of fixing contact blades. 
This ensures that they are completely 
rigid all the time. Definite positioning of 
the drive spindle in the wafer, providing 
: double bearing. 
There are other improvements 
as well—positive contact and § 
steady contact resistance, ow he 
better insulation between con- 
tacts, and a self-cleaning action. What 
does all that add up to? A sensible, reliable and Jasting switch, which we feel 


will give you first class service and complete satisfaction. 


Walter Instruments 


SWITCHES 
LIMITED 








MADE 
FOR LIFE 


GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
CRC 48 
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NINE EXAMPLES 





from the 
FLEXILANT 


(RUBBER BONDED 
TO METAL) 


RANGE 


of 


MOUNTINGS 


OBTAINABLE 
FROM STOCK 


OUR TECHNICAL STAFF investigates 
all mounting problems 
May it investigate yours ? 








RU — nn LIMITED 


EERS RUBBER BONDED ro METAL 


FLEATULA NT WORK S 
Pp UNSTABLE : BED S. 
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